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Commercial shipping on the high seas and inland waterways is now freed by radar from delays caused by bad weather 


fog 


RCA Radar - enables ships fo see through | darkness 


With shipboard radar, developed «nd 
produced by engineers of the Radio- 
marine Corporation of America— 
a service of RCA—a pilot watches 
a viewing screen (similar to a tele- 
vision screen) that shows a large, 
clear, maplike picture of the area 
under observation. 


With this radar picture he can 
safely pass through heavy fogs that 
would ordinarily force the most ex- 
perienced pilots to anchor, some- 
times for days at a time. 

The same research at RCA Labo- 
that 
achievement of 


ratories contributed to the 


radar—are con- 





stantly applied to all RCA products 
to keep them at the top in their 
fields. So when you buy an RCA 
Victor radio, 
Victrola radio-phonograph, phono- 
graph record or radio tube, you 


television receiver, 


know you are getting one of the finest 
products of its kind science has 
achiev ed, VICTROL A — T. wm. AEG S. Pav.orr 
{ cordial invitation is extended to you 
to visit the new RCA Exhibition Hall, 
36 W. 49 St., Radio City, N.Y., open 
daily and Sunday—free admission. 
Radio Corporation of America, RCA Build- 
ing, Radio City, New York 20. Listen to 
the RCA Victor Show, Sundays, 2:00 P.M., 
Eastern Daylight Saving Time, over NBC. 


sforms 





‘ 
A twelre-inch viewing screen 
reveals objects as close as 80) yards 
or as far away as 50 miles! For 
further details, write to Radi 
marine Corporation of An 


75 Varick Street, New York, \.) 


RADIO CORPORATION of AMERICA 








BARGAINS in WAR SUR 


ASSEMBLE YOUR OWN BINOCULARS! 


Complete Optics! Complete Metal Parts! 


Save More Than !» Regular Cost 


GOV’TS 7 X 50 
BINOCULARS 


Here's an unusual oppor- 
tunity to secure a fine set of 
Binoculars at a substantial 
saving of money. Offered 
here are complete sets of 
Optics and Metal Parts 
for the 7 X 50 Binoculars 
These components are new 
and all ready for assembly 
We supply full instructions 
Limit—l set of Metal Parts 
and | set of Optics to a 
customer. 


METAL PARTS—*et incl ides all Metal 
finished—for assembly of 7 "X 50 Binoculars 
required. Bodies have been factory hinged | and 
A sturdy Binocular Carrying Case is included with each set of 
Metal Parts 

Stock #MI-X 7 X 50 Metal Parts 
OPTICS—Set includes all Lenses and Prisms you need for 
assembling 7 X 50 Binoculars. These Optics are in excellent 
condition—perfect or near perfect—and have new low reflection 
coating 
Stock *5102-X 7 X 50 Optics $25.00 Postpaid 
NOTICE! Add 20°; Federal Excise Tax to above prices if you 
order both Binocular Optics and Metal Parts. 


ARMY’S 6 X 30 BINOCULARS 
Limit—1 Set to a Customer on all Sets shown below 

COMPLETE OPTICS & METAL PARTS—Model M-13A> 
6 X30 Binoculars (Waterproof Mode! Everything you need 

ready forassembly. When finished will look like a regular fac 
tory job costing $102 to $120. The Optics are new, in perfect or 
near-perfect condi+ion. Have new low reflection coating. Metal 
Parts are new and perfect, all completely finished. No machin 

ng required. Bodies factory hinged and covered. Complete 
assembly instructions included. 
Stock *830-X 


Parts—completely 
No machining 
covered 


$36.20 Postpaid 


$40.00 Postpaid, 
plus $8.00 tax—Total—$48.00 
COMPLETE OPTICS & METAL PARTS—Model M-3, 6 X 30 
Binoculars ( Not Waterproof Model). The Optics in this set are 
new, perfect or near-perfect. Prisms have new low reflection 
ating. Factory mounted Eye Piece and Objective Assemblies 
not coated. Metal Parts are perfect, new, ready for assembly. 
When finished, this will look like a regular factory job, except a 
name has been filed off a cover plate. No machining required 
Bodies factory hinged and covered. 
Stock #*831-X $35.00 Postpaid, 
plus $7.00 tax—Total—$42.00 
METAL PARTS ONLY Model M-13A1, 6 X 30 Binoculars. 
No Optics. Same Metal Parts as dese ribed for Stock *830-X 
Stock *832- x 6 X 30 Metal Parts $25.00 Postpaid 


METAL PARTS ONL Y—Model M-13A1, 6 X 30 Binoc ulars, 
No Optics. Same Metal Parts as described for Stock #* 830-) 
Bodies hinged and Prisms Shelf holes placed, but you must tap 
them. Prism Shelves have been machined. Six lead spiral 
focusing threads have been cut. Some less difficult eomponents 
1 must thread and machine yourself, but all material you need 
s furnished except body covering material and Opties 
Stock *833-X 6 X 30 Metal Parts $12.00 Postpaid 
OPTICS FOR 6X30 BINOC ULARS (No Metal Parts 
1 low reflection coatec 
Stock *5130-X 
SAME OPTICS AS ABOVE 
Stock #5124-X $12.75 Postpaid 
NOTICE! Add 20% Federal Excise Tax to above prices if you 
r both Binocular Optics and Metal Parts. 
Optics and Metal Parts are Available for Monoculars 
a Binocular). For Details Write for Bulletin # 14-X. 
HAVE LITERALLY MILLIONS OF WAR SURPLUS 
NSES AND PRISMS FOR SALE AT ae AIN PRICES 
TE FOR CATALOG “X’’—SENT a 


Order by Set or Seah No. 


Perfect 


$15.00 Postpaid 


coated—but slight seconds 


PLUS LENSES & PRISMS 


NEVER HAS THERE BEEN SUCH A 
SENSATIONAL BARGAIN AS THIS! 


BUBBLE SEXTANT—TYPE A-10 


t wout 
led with 


pare waxed 


These Army Air Fore su ‘ tants cost t 
$200 each A real | nato ce of $12.50 

> ~ 
Bubble Sextant shipment wooden rving Case 
paper dises, flas] 
flashlight cells—not furnished) aux. 2-power 
Allen wrench, 1 spare mark point Wartime used, but where 
‘ollimated and put im good wor 


satished that \tant is exactly as represented, 


ight with rheost night use (uses ordinary 


Galilean Telescope, 


necessary completely repaire 
ing order If not 
return within 10 days and money will be refu vd lull direc 
1OnSs tor use a company each shi 
Stock *924-X 
po Bla Al. BENCH KIT—(Not a War Surplus Item Every 
ing you need, including four Lens Holders for checking Focal 
L poet a and setting up Lens Systems 
Stock *53-X 


BOMBER SIGHTING STATION 
ype Instrument of highest precision 
fect condition. 6ft. tall, shipping wt. 360 lbs 
Consists of numerous Lenses, Prisms, Mirrors, 
Metal Partsand Electrical Gadgets 
Stock #*914-X 


AIR FORCES GUN SIGHT 
sity Attachment Polarizing attacl 
times the price of entire unit.) 
Stock * 908-X 
Same Unit Without 
Stock *916-X 


$12.50 Postpaid 


$8.50 Postpaid 


A double end Periscope 
Brand new and in per 
Orig. cost $9,850 
Gears, Motors, 


$50.00 F.O.B. Oklahoma 


With Polarizing Variable Den- 
ment alone is worth many 


$5.00 Postpaid 
Polarizing Attachment 
$2.50 Postpaid 


SCHMIDT OPTICAL SYSTEM~— Black plastic bod , Size 349” 
by 54”. F.L. 2.4’ with amazing speed of F'.0.9. Usedin 
Navy's Infra-Red Sniperscope and Signalling Units. Govt 
cost $134. Limit—1 to a customer 
Stock *720-X 

BATTERY COMMANDER'S PERISCOPE With Tripod—6 
Power Instrument. Excellent condition. Length 274 inches 
diam. 14 inches. Cost U.S. Govt. approximately $175.00 
Stock #717-X $20.00 F.O.B. Audubon 


SPECTROSCOPE SETS . These sets contain all Lenses 
and Prisms you need to make a Spectroscope Plus FREE 14- 
page Instruction Booklet 

Stock # 1500-X—Hand Type 

Stock # 1501-X—Laboratory Type 

RAW OPTICAL G L ASS An ¢ ptiona 
cure a large variety ot tie pier both Crown and Flint 


rocessing. Many prism 


$6.00 Postpaid 


$3.45 Postpaid 
$6.50 Postpaid 


opportunity to se 


glass (seconds) in varving stag of | 
blanks. 

Stock *703-X 8-Ibs. 
Stock #702-X 1'. Ibs. 


TANK PRISMS 


$5.00 Postpaid 
$1.00 Postpaid 


PLAIN OR SILVERED 

90-45-45 deg 534” tong, 21.” wide, finely ground and po ished 
Stock #*3004-X—Silvered Prism (Perfect $2.00 Postpaid 
Stock *3005-X—Plain Prism (Perfect $2.00 Postpaid 


Illustrated Book on Prisms included FREE 


Minimum weight 


Satisfaction Guaranteed 


EDMUND SALVAGE COMPANY, P. 0. Audubon, N. J. 
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WILLARD LEE VALENTINE, 1904-1947 


By DAEL WOLFLE 


Executive Secretary, American Psychological A ssociati 


ILLARD LEE VALENTINE, Editor 

of Science, died unexpectedly 

at his home in Alexandria, Va., 
on April 5, 1947. Sudden heart failure ended 
his career at the age of forty-two. 

Dr. Valentine was born December 2, 1904, 
in Chillicothe, Ohio. There he received his 
elementary and high-school education. He 
attended Ohio Wesleyan University and 
received the A.B. degree in 1925. That 
summer he served as an assistant at the 
Munsell Laboratory in 
Baltimore. In the autumn he returned to 
Ohio Wesleyan as an assistant in mathe- 


Color Research 


matics and psychology. The following year 
he was promoted to the rank of instructor 
in psychology, a position he held for the 
next two years while continuing his graduate 
study under Professor F. C. Dockeray. 
In 1928 he moved to The Ohio State Uni- 
versity. He and I were both new graduate 
students there that fall, and we had ad- 
joining offices. In common with students 
everywhere, we enjoyed trying to reconcile 
our different viewpoints. 

A. P. 


Weiss he completed his graduate work that 


Under the direction of Professor 


same year and received the Ph.D. in 1929. 
Ohio State Ph.D.’s were rarely retained on 
ihe permanent teaching staff, but Valentine 


91 


tion, Washineton, D.C. 
was an exception. He was offered, and 
accepted, an assistant professorship. The 
vear before, as a graduate student  in- 


structor, he had taught some of the small 
groups of beginning psychology students; 
now he assisted in directing the group of stu- 
dent instructors. 

In addition to his purely administrative 
duties at Ohio State, Valentine prepared 
instructional materials to encourage simi- 
larity in the many introductory psychology 
classes. First he wrote an experimental 
laboratory manual, which went through 
several revisions as experience dictated 
changes and improvements. Readings in 
Experimental Psychology (Harpers 1931) 
was a first effort to prepare a collection of 
research reports that would introduce the 
beginning student to some of the active 
research problems in psychology and teach 
him the methods used to solve those prob- 
lems. Experimental Foundations of General 
Psychology (Farrar and Rinehart, 1938, 
revised edition 1941) was a later and much 
improved collection of research papers 
prepared for the same purpose. Most of the 
the 
by Valentine, not to write them down, but 


papers in first volume were rewritten 


to write them for the elementary student. 
Four were original papers. As the author 








9? THE SCIENTIFIC MONTHLY 





WILLARD L. VALENTINE, 1904-1947 


of one of the four, I noted with interest that edition of Lxvperimental Foundations 
Valentine rewrote everything in the later General Psychology. 
book. That was an improvement, the four Dr. Valentine’s research centered in th 
original articles were much more difficult — field of learning. Studies at Ohio Wesleyai 
for students to comprehend than were the were based on experiments in anima 
parts that had been rewritten. learning. His doctoral dissertation dealt 
Both books, and particularly the later = with a problem in human learning. Post 
one, found a wide usefulness in classes in doctoral research at Ohio State was in th 
many colleges and universities other than — field of infant behavior, where he was one ol 


Ohio State. At the time of his death the collaborating group organized aroun 


Valentine had returned to this early in- Professor Weiss. During these days 
terest in making better teaching materials developed an interest’ in/ motion-pictul 
available; he had just completed a third records of infant development. He wa 
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erned with theoretical as well as purely 
rimental problems in learning and con- 


suited to the literature on mathemati- 
characteristics of the learning curve. 
Ohio State University promoted him 


m assistant professor to associate pro- 
1932. In 1940 he 


+ 


sor in moved to 
\ orthwestern 
vchology and chairman of the depart- 
ent, a position he held until the autumn 

1945. 

In 1937 Valentine was chosen as treasurer 
of the American Psychological Association. 
\ year later he became business manager 
of the Association’s publications. At that 
time the APA published five journals, with 
i combined total circulation of about 5,500 
1938 1945. 
when he resigned as business manager of 
publications for the APA, 
journals were added to the list, club-rate 


subscriptions. Between and 


several new 
subscriptions were made available to mem- 
bers, and the total circulation grew to ap- 
proximately 19,000 subscriptions. 

At a meeting of the Board of Directors 
of the American Psychological Association 
held just a week before he died, Valentine 
asked for the privilege of resigning from the 
position of treasurer. The directors per- 
suaded him to serve out 
his term, which would have expired in 
1950. He had for ten vears been the Asso- 
ciation’s central figure in financial planning; 
the directors did not wish to lose his knowl- 
edge and counsel. 

Valentine’s editorial skill, coupled with 
management of 


is years of successful 


psychological publications, made him = a 
logical choice for the editorship of Science 
vhen the American Association for the Ad- 
vancement of Science assumed active control 
of that journal. He was offered the editor- 
hip in the fall of 1945. Northwestern Uni- 
ersity consented to his release, and in 


moved to Washington § to 


November he 





University as professor of 


the remainder of 


begin planning his first issue of Science. 
He believed that Science had been too 
technical in its content, that it ought not 
to have the same type of content or the 
same function as a specialized scientific 
journal, and that it ought to contain ma- 
terial about science and scientists. that 
would be of interest whether the reader was 
a chemist, a zoologist, or an anthropologist. 
He sought to remake it into a newsweekly 
of general scientific interest. In that effort 
he was achieving gradually increasing 
success until the time of his death. News 
items about scientists had become a more 
prominent feature, and articles of a general 
nature were more common. During 1946 and 
1947 
being considered 


key yt 


progress 


again in when Science Foundation 


bills 


scientists 


were in Congress, 


were informed of their 


and through the pages 


nature 
of Science. Other legislation affecting sci- 


entists was summarized. Together with 
these changes in content went an improved 
and more readable format. At the end of his 
first vear as editor, Valentine conducted a 
readership survey of a selected sample of 
Science readers. The result must have been 
very satisfying, for there were many favor- 
able comments; he also received fan mail in 
substantial amounts. 
Valentine’s professional life consisted 
very largely of a life of service to his fellow 
psychologists. His books, his vears of as- 
Ohio 


work as 


sistance to instructors at 


State 


vounger 
Northwestern, his 
the 


and 
Psychological 
Association, and his the 
APA publications made him one of the 
most respected of American psychologists. 
When his ability 
moved into a position of 


treasurer of American 


management of 


was recognized outside 
psychology he 
larger opportunity for service to scientists 
of all fields. Death came in his prime, de- 
able and 


priving science of an worker 


scientists of a valued friend. 





By CLARENCE 


SCIENTIFIC EDUCATION FOR AIR FORCE OFFICERS 






R, WYLIE, JR. 


Since August 1947 marks the fortieth anniversary of the establishment of the precursor of the 


{ymy Air Forces 


we called upon Professor Wylie to review the growth of scientific educa- 


tion of AAF officers within the army and in particular to describe the new AAF Institute 
of Technology at Wright Field, of which he is Acting Dean of the College of Engineering 
f Mathematics. Dr. Wylie (Ph.D., Cornell, 
1934), formerly Assistant Professor of Mathematics at Ohio State, served in the Propeller 
Laboratory at Wright Field during the war. Also a poet, his ‘‘In Memoriam” to General 


Gross 


Sciences and Chairman of the Department o, 






N September 3, 1946, when Lieu- 
tenant General Nathan F. Twin- 
Air 
Materiel Command, officially opened the 


ing, Commanding General, 
Army Air Forces Institute of Technology 
his address of welcome to 
the the 
within 


with its first 
evolution 


the AAF 


began. For 33 of the 40 years that have 


class, fourth stage in 


of scientific education 
elapsed since the modest beginning of the 
AAF with the detailing of two enlisted 
men to aeronautical duty in June 1907 
and the creation of an aeronautical division 
in the office of the Chief Signal Officer 
of the United States Army in August 
1907, this program of scientific instruction 
has paralleled in its development the growth 
of the Air Force itself. The problems of one 
have been the problems of the other; the 
triumphs of one have been, in part, tri- 
umphs of the other; and the future of the 
Air Forces as a guarantor of national secur- 
itv and peace is in ever-increasing meas- 
urea matter of maintaining technical leader- 
ship through officer training such as that 
provided by the AAF Institute of Tech- 
nology. 

In 1907, nine years after the inception 
of the subsidized experiments of Professor 
Langley and four years after the Wright 
brothers’ first successful flight at Kitty- 
hawk, the great problem confronting the 
of the United States 


air-minded leaders 


Army was still that of getting a plane that 
would fly. Not until August 1909 when the 


94 


appears on page I 


02 of this issue.—Ed 





Wrights delivered a plane which met t 
requirements of carrying two passengers and 
flying 125 miles at a top speed of 40 miles 
per hour was this first problem success 
fully solved. For the next several years al 
the energies of the youthful aeronautical 
division were concentrated on learning to 
fly, and training in the scientific aspects 
of aviation was not undertaken until 1914, 
when Captain Virginius E. Clark was sent 
to M.I.T. to study aeronautical engineering. 
This first phase in the evoluiton of sci 
entific education of Air Force officers was 
further expanded during World War J; and 
paralleling the much larger training pro 
grams for flyers, mechanics, and suppl) 
officers, a course in aeronautical engi 
neering for army and naval personnel was 
established at M.I.T. in 1917. this 


two small classes were graduated. 


From 


In 1918, as combat experience made 
increasingly clear that the military use 
fulness of airplanes extended far beyond 
the 
naissance, the air activities of the arm) 
the Signal 
and a Department of Military Aeronautics 


functions of observation and recon 


were detached from Corps 
and a Bureau of Aircraft Production wer 
established. In this period of reorganiza 
tion and change the second stage in the 
Air Force’s program of technological educa 
tion was begun. At the suggestion of Colone! 
Thurman H. Bane and upon approval 
by the War Department, a School of Aero 
Engineering within the 


nautical army, 
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n as the Air School of Application, 
stablished in 1919 at McCook Field, 
irmy’s new research and development 
er at Dayton, Ohio. The first class, 

entered in November of 1919, con- 
d of but seven officers. When Congress 
ted the Air Service in 1920 by consoli- 


~ 


ting the Department of Military Aero- 
itics and the Bureau of Aircraft Produc- 
, the name of the school became, quite 
turally, the Air Service Engineering 
ool. 
Until the creation of the Institute of 
fechnology, the course of instruction in 
the Engineering School was of a year’s 
duration. Entrance requirements were 
very flexible; and although graduates of 
West Point, Annapolis, or recognized ci- 
vilian colleges were preferred, it was possible 
for an officer to enter with only a high- 
school education, provided that by experi- 
ence and personal study he had mastered 
the fundamental engineering sciences of 


mathematics, physics, mechanics, chemis- 
iry, and drafting. 


Originally, to quote an early bulletin, 


Phe school was opened for the purpose of giving 
instruction to senior officers in the Army Air Service 
holding important posts of command in order to 
keep them up to date on aircraft developments and 
to make them more efficient in the administration of 
their various stations. In other words, this school 
ittempts to bridge the gap between the technical 
ind the non-technical officer. 


The major divisions of the curriculum 


WCICc. 


Mechanics, Strength of Materials, and Materials 
Laboratory 

shop Work 

Business Administration 

\rmament 

Electricity 

(Thermodynamics and Engine Design 

heoretical Aviation and Airplane Design 


In general, the courses were taken con- 


ecutively rather than concurrently, each 
ibject 


being studied intensively for a 


relatively short period. The method of in- 
struction was “‘applicatory;” that is, it con- 
sisted of student projects initiated and 
completed with a minimum of formal lec- 
turing. There was no permanent faculty, 
and, instead, all the specialists of the Engi- 
neering Division of McCook Field, of which 
the Commandant of the School was also 
the Commanding officer, were what might 
be called consulting instructors. 

The second epoch in the development 
leading to the AAF Institute of Technology 
ended in 1926 when Congress authorized 
the creation of the Air Corps and an ac- 
companying five-year program. 


At this McCook Field 


located on a larger and more suitable site 


time was re- 


donated by the businessmen of Dayton, 
and its name was changed to its present 
Wright Field. The Air Serv- 


ice Engineering School now became the 


designation 


Air Corps Engineering School. Although 
the the 
and the general curriculum of the former, 


latter retained one-year course 


there were certain fundamental changes 
in philosophy and policy motivated by the 
increasing importance of science and the 
specialist in the development of air power. 
The original purpose of educating senior 
othcers holding command positions was 
enlarged to include the training of younger 
men to fill positions in research and design 
the The 
theory of instruction was correspondingly 
the 


method was begun, and the first step in 


within Engineering Division. 


moditied. Increased use of lecture 
the creation of a permanent civilian faculty 
was taken with the appointment of Ezra 


Director of the AAF 


tute of Technology, as senior instructor. 


Kotcher, now Insti- 
In this new direction the school continued 
without interruption except for the years 
1927-28 and 1939-40, until Pearl Harbor, 
when more urgent needs for trained per- 
sonnel forced a suspension of classes until 
1944. 


When the school was reopened, with the 
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name AAF Engineering School, in April 
1944, the scientific leadership 


was so great that a year’s course was a 


need for 


luxury that could not be afforded, and the 
the 
1946 


refresher 


efforts of the school until the end of 
third phase of its development in 

were restricted to short-term 
work in mathematics, mechanics, thermo- 
dynamics, and aerodynamics for men who 


were already engineering graduates. 


MEASURED by the number of graduates 
from 1919 to 1946, the educational venture 
the AAF Institute 


of Technology has had only a limited suc- 


that has culminated in 


cess. Including graduates of the three- and 
six-month courses of 1944-46, 394 officers 
in all have received training. The achieve- 
ment of its graduates is the proper measure 
of a school, however, and by this criterion 
the 
tradition of which any institution might 


Institute of Technology inherits a 
be proud. General Kenny was a graduate 
of the class of 1921, and General Doolittle 
a graduate of the class of 1923. General 
Chidlaw, director of all engineering re- 
search and development at Wright Field, 
and General Craigie, present chief of 
the Engineering Division of the Air Ma- 
teriel Command, are also graduates. General 
Fairchild, Commandant of the 
Air University, and General Gross, first 
Tech- 
nology, were trained in the school. Other 


leaders of the AAF to whose professional 


present 


Commandant of the Institute of 


development the school made its con- 
tribution included General Powers, General 
Whitehead, General Echols, and many more. 

Inspired by the record of the Engineering 
School in training such men as these and 
conscious of the vastly greater need for 
leaders of similar technical competence 
in the future, the Commanding General of 


the Air Materiel 1945 


pointed a board of officers to investigate 


Command in ap- 


the problem of creating at Wright Field 
a technical institute to provide Air Force 


officers with advanced training in aero- 
nautical engineering and related subjects 
as applied specifically to AAF problems, 
The work of this committee was reviewed 
and extended by a group of civilian scien- 
tists known as the Markham Committee: 
John R. Markham, Massachusetts Institute 
William H. Pickering, 


Technology; E. 


of Technology; 
Institute of 
E. Scohler, California Institute of Tech- 
nology; and T. H. Troller, Case School 
of Applied Science. The recommendations 
of this board called for a school to provide 
the AAF with a minimum of 200 technical 
graduates a year. Officers were to be trained 


California 


not only in aeronautical engineering and the 
supporting sciences, but also in the tield 
of business administration and logistics as 
applied to the supply and procurement 
problems of the AAF. The curricula wet 


to be patterned, with necessary moditic: 


tions to fit them to the needs of the AAF, 


after the aeronautical engineering and 


industrial courses of the 


administration 
leading civilian universities. Courses were, 
in general, to be offered by a faculty com 
posed chiefly of civilian scholars who wer 
to be not only thoroughly competent 
scientists but professional teachers as well 
In order to give stability and continuity 
to the instructional program, it was re 
ommended that the appointments of fa 
ulty members carry the same implicatio! 
that 


appointments in civilian institutions. 


of permanent tenure accompanies 


This reorganization of the engineering 


school coincided with an even more im 


portant and more far-reaching reorgan 


zation of the entire educational program 
of the Air Forces. For 1945 saw all the high 


the AAI 


known. of 


level educational ventures of 


integrated into what is now 
ficially as the Air University Command 
with headquarters at Maxwell Iield, Ala 
Thus the AAF Tec! 


nology was officially activated in 194¢ 
was «i 


when Institute of 


although for obvious reasons it 
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AIR VIEW AT WRIGHT FIELD 


SHOWING THE TWENTY-FOCOT WIND TUNNEL, PART 
tached from Maxwell Field and assigned to 
the Materiel Command at Wright Field, 
it appeared as one of six schools composing 
the Air University, ranking with the Air 
Command and Staff School, The Special 
Staff School, the Air Tactical School, and 
the School of Aviation Medicine as a sup- 
porting school of the all-important Air 
War College. Under the broad educational 
program projected for the AAF, qualitied 
officers will normally alternate periods of 
ictive duty with pericds of study in one or 
inother of these schools. 

The immediate direction of the Institute 
{ Technology was entrusted to Brigadier 
General Mervin E. Gross, a graduate of the 
class of 1933 of the Air Corps Engineering 
school, who was appointed Commandant, 
ind to Ezra Kotcher, the senior instructor 
1 the Engineering School from 1926 until 


Oo} 


THE CAMPUS OF AAF INSTITUTE OF TECHNOLOGY, 


who named Director. 


| larb iT, 


During the war Professor Kotcher, as a 


Pearl was 


major in the AATF, was actively engaged in 
research and development projects in guided 
missiles and jet aircraft. Following General 


Gross’s death in a P-80 crash in October 


1946, Brigadier General Edgar P. Sorensen, 
the 


who was Assistant Commandant of 


Engineering School from 1926 to 1930 and 


more recently senior Air Force representa- 
tive on the Army-Navy Munitions Board, 
became Commandant. 

the 


Committee, 


recommendations of the 


the 


Following 
Markham 


College of Engineering Sciences, of 


Institute con 
sists of a 
which Dr. Clarence R. Wvhe, Jr., formerly 
of The Ohio State University 


Chairman of the Department of Mathe- 


and how 


matics of the Institute, is Acting Dean; and 
| 


a College of Industrial and Engineering 
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Air Materiel Command Photo 


GENERAL EDGAR P. SORENSEN 


BRIG, 


COMMANDANT AAF INSTITUTE OF TECHNOLOGY, 
\dministration, of which Weldon B. Gibson 
is Dean. Dean Gibson was a member of the 
original board of officers that recommended 
the establishment of the Institute and dur- 
ing the war, as a colonel in the Air Corps, 
was in charge of requirements for spare 
parts, supplies, and equipment at the Air 
Materiel Command. 

The faculty consists at present of 18 
civilians and 6 officers. The civilian pro- 
fessors are for the most part former uni- 
versity professors who, by temperament 
and experience, are qualitied to apply their 
knowledge to the practical problems_ of 
the AAF. Some were in uniform during the 
war and acquired their understanding of the 
technical needs of the Air Forces through 
their work as officers on engineering proj- 
ects. Others served as civilian specialists 
still 


aircraft 


in government laboratories, while 


others worked as engineers for 
companies. The othcers who are currently 
engaged in instructional work are all young 
men recently back from graduate school 
where they were sent under army auspices 
for advanced training in specialized fields. 


They are all well-qualitied and enthusiastic 





lecturers and, although subject to the 
certainties of reassignment, are a welcor 
source of assistance during the growi 
period of the Institute. 

In addition to the faculty proper, th: 
specialists of the Air Materiel Comma 
constitute an invaluable reservoir of 
structional talent. Numerous special le 
tures and a few entire courses have already 
been presented by men not actually 
filiated with the Institute, who have bee: 
released from a portion of their other duties 
to undertake such teaching. In return, 
faculty members of the Institute are fro: 
time to time called upon as consultants 0 
problems in their special fields by engineers 
of the Materiel this way 
the choice of Wright Field as a locatio 
uniquely suited both to the needs and to th: 


Command. In 


potential contributions of the Institute is 
justified, and host and guest alike are the 
richer. In the future, as the throes of o1 
ganization and growth are left behind and 

stabilized program emerges, it is conten 

plated that to an increasing extent thi 
staff members of the Institute will interest 
themselves as specialists in the problems of 
Air Materiel that 
pondingly the superb experimental facil 
ities of Wright Field will become availabk 


Command and corres 


for faculty research. As a first step in this 
direction, the teaching schedules of the 
Institute already provide for a 
month period each year when a man will bi 


three 


relieved of teaching duties and, after taking 
his normal civil service vacation, will be 
able to spend at least two months in in- 


dependent study and research, writing, 01 


consulting work in one of the Wright 
Field laboratories. 
THE curricula of the Institute, which 


now cover two years of work, each divided 
into four terms, have been constructed to 
be bread in scope and rich in fundamentals 
understanding that it is 


with a realistic 


impossible for an army officer to function as 
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ative research scientist. The future of 
rican military aviation requires not 
military personnel undertake to make 
scientific discoveries that must be made 

order to maintain and advance our 
ition of pre-eminence as an air power, but 
er that they be able to sense in the pure 
earch of civilian scientists elements of 
tential military value and that they be 
e to Initlate, to direct, and to administer 
rograms of research and development de- 
signed to exploit the military worth of such 
liscoveries. 
For this reason, the engineering cur- 
ulum of the Institute lays almost equal 
stress on advanced mathematics, mechanics, 
electrical engineering and electronics, ther- 
modynamics, aerodynamics, and the ap- 


plication of all these to problems of design. 





lo round out this work student officers in 


{ir Materie! Command Photo 


CLARENCE R. WYLIE, JR 


engineering also take occasional courses in 
var economics, industrial management, 


nd procurement and supply. Students in ACTING DEAN, COLLEGE OF ENGINEERING SCIENCES, 


the college of administration get an equally AND CHAIRMAN, DEPT. OF MATHEMATICS, AAFIT 
broad training in accounting and finance, 
economics, management, production, pro- 
curement and supply, and law and, in 
addition, are required to take drafting and 
basic courses in all the engineering tields 
listed above except designing. Electives in 
both colleges are stri tly limited. 

The academic qualifications for admission 
to the Institute remain quite flexible. 
Basically, a man is required to have the 
mastery of mathematics, physics, chem- 
istry, and drafting normally attained in the 
first two vears of a standard engineering 
course. For students of administration, a 
proficiency in these same subjects, although 
on a lower level, is demanded, with eco- 
nomics or an equivalent business subject 
replacing drafting as a requirement. In 
general, a liberal policy of evaluating service 


experience, training obtained in army 





tig Materie: Command P/ S( hools and ( orresponden e courses, su¢ h 


EZRA KOTCHER, DIRECTOR, AAFIT as USAFT, and in granting entrance credit 
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fir Materiel Command Photo 
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DEAN, COLLEGE OF INDUSTRIAL AND ENGINEERING 


ADMINISTRATION, AAFIT 
through examination has been adopted. 
Although the ultimate goal of the In- 
stitute is to conduct its instruction (after a 
necessary minimum of review) entirely at 
the graduate level, somewhat after the 
pattern of the Naval Postgraduate School, 
it is both that 
young officers whose undergraduate work 


necessary and desirable 
was interrupted or deferred by the war 
should be given every opportunity to com- 
plete their formal education. Provisions 
have been made for otlicers who are ac- 
cepted for the regular army to return to 
their original schools and complete the re- 
quirements for their degrees. Many of these 
men, especially those whose early work was 
not along engineering lines, prefer training 
in the Institute in actual contact with AAF 
problems, however. 


R. E. Mathematics and Mechanics in 


The Amer. 


1 Cf. Root 
the Postgraduate School at 
Vath. Monthly, April 1943, 238. 
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As a result of this state of affairs, the {81 
officers in the present class of the Institute 
form a highly heterogeneous group. | 
rank they lieutenants to 


colonels; in age they range from twe1 


range from 


two to forty-five. In educational ba 
ground they range from men with little more 
than a year of college to men who alread) 
possess a degree. In each college a few we 
qualitied members of the latter group were 


permitted to enroll in a special one-year 
course and will graduate this month. 
} 


vast majority, graduates and nongradu- 


ates alike, are enrolled in the two-ye 


= 


course, however. 

The number of students without degrees 
emphasizes one of the persistent and as yet 
unsolved problems of the Institute: Sha! 
the curricula be organized in such a way 
that authority to grant degrees to me! 
completing them can appropriately — be 
sought? Officers whose education was dis- 
rupted by the war quite naturally desire a 
degree to mark their achievement in_ the 
Institute. On the other hand, in terms of the 
specific objective of increasing the technica! 
competence of officers of the AAF, man\ 
subjects, especially those with a liberal or 
cultural character, that would have to be in 
any curriculum worthy of a recognized or 
accredited degree seem irrelevant and 
unjustifiable in terms of the time and 
faculty required for their presentation 
At present it seems desirable to compromis« 
between these two extremes by planning the 
curricula and establishing entrance re 
quirements with the needs of the AAI 
for scientific personnel the only consider 
ation, but at the same time making pro 
vision for conferring degrees upon thos 
members of each graduating class whos« 
work in the Institute, together with th 
work of college caliber done elsewhere 
equals in amount, variety, and quality th 
proper requirements for a degree. Under 
such a plan, not all student officers would 


be candidates for a degree, for entrance 
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juirements would be based solely upon 
lifications necessary for successful work 
the Institute and not upon the additional 
jects required for a degree but not 
ered in the school. To such men a degree 
ight, perhaps, be granted at a later date 
through further study in civilian col- 
ves near which they happen to be sta- 
med, their deficiencies be removed. At 
resent, no authority to grant any degrees 
vested in the Institute. 
\mong other problems which have yet to 
e completely solved is the matter of basic 
iboratories. It is strange, perhaps, but true 
at, although the AAF Institute of Tech- 
ology is located in the greatest aeronautical 
boratory in the world, the acquisition 
i elementary laboratory facilities has been 
one of its chief concerns. For instruc- 
tional purposes in basic courses in physics, 
electrical engineering, and materials testing, 
the elaborate and specialized equipment to 
be found in the Wright Field laboratories, 
even if it could be made available to the 
rge groups involved, is quite useless. 
\s a result, the Institute, like many another 
scientific institution, has found it necessary 
to create its basic laboratories a) ova, as it 
were. At more advanced levels, where ex- 
isting equipment is relevant to course 
ontent, the problem of making it available 
at the proper time to the appropriate classes 
without completely disrupting experimental 
work actually in progress requires a tre- 
mendous amount of planning and cooper- 
ition between the Institute and the various 
iboratories of the Engineering Division. 
\t present it is contemplated that the 
summer quarter of each year will be de- 
ited to professional work in the Wright 
Meld that high-level 
boratory accomplished 
the 


laboratories and 


work will be 
full-time 
heduled experimental work of the Air 


rough participation in 
Materiel Command. 
In addition to its primary instructional 


jective, the Institute of Technology has 
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several other important functions to per- 
form. Under a delegation of authority from 
the Air University, the Graduate Section 
of the Institute has the responsibility of 
administering specialized graduate train- 
ing of AAF officers in civilian universities. 
This includes the screening of applicants 
for such studies and the monitoring of their 
progress in the institutions to which they 
are assigned. At present about 250 officers 
are pursuing graduate studies in technical 
fields of special importance to the AAF. 
Many of the country’s leading engineering 
schools are participating in this program. 
In most cases, the universities simply admit 
the officers to their regularly scheduled 
graduate classes. In some cases, notably at 
the University of Michigan, where a course 
based on restricted 


in guided missiles 


material furnished by the AAF was created, 
an entire curriculum open only to army 
otlicers has been established. 

A second function of the Graduate Sec- 
the AMC 


This is a CO- 


tion is the administration of 


Civilian Graduate Center. 
operative educational venture with The 
Ohio State University through its Twilight 
School. Using Institute classrooms and 
office space, Ohio State presents selected 
graduate courses in the engineering sciences, 
business administration, and psychology. 
These are open to all properly qualitied 
civilian and military employees of the Air 
Materiel 


enable AMC personnel to secure masters’ 


Command and are designed to 
degrees if they so desire. In general, courses 
are presented by members of the faculty of 
Ohio State, temporarily resident in Dayton, 


Field and 


professors from nearby colleges, including 


although engineers from Wright 


the Institute, have on occasion been re 


tained to offer particular courses. 
Somewhat less developed but potentially 


of great value is the program of the Ex- 


tension Section of the Institute. As its name 


suggests, the Extension Section is engaged in 


preparing technical correspondence-tvpe 
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courses to supplement the training of and safe is as great an incentive as ever 
National Guard and organized Reserve faculty and students alike; and althou 
Corps officers. These courses, which are we cannot agree with the unknown chr 
offered through the Air University, are icler of the old Engineering School 
designed to keep officers not on active duty wrote in the early twenties, “There c 
abreast of important developments in the — tainly is nothing more valuable than 
scientific aspects of air warfare. realization on the part of a student tl 
With the creation of the Air University practically all knowledge has been la 
and the AAF Institute of Technology higher down in written books and that this can | 
education within the Air Forces can be said obtained by the student by a_ personal 
to have reached its majority. Whether application,’ we shall strive to teach o 
graduates of future classes will be able to graduates after they have mastered som 


cope as successfully with the problems of of the knowledge “laid down in books” 


the ‘‘atomic age’’ or the ‘‘supersonic age’ to encourage, to appraise correctly, and 
as their predecessors did with the problems — apply fruitfully to the problems of national 
of the “great beginning,” time alone will security the new knowledge to be found 


reveal. The desire to keep America strong beyond their texts. | 


IN MEMORIAM 

BRIGADIER GENERAL MERVIN E. Gross 
His wings are folded now. He lies asleep 
Beneath the sky he loved and sought to make 
A second highway for the needs of men. 
Speak it majestically, that dream of dreams, 
Mark how it made Jim fellow to the brave 
Who in all ages, heedless of themselves 
Or of their fate, choose as their cause the one 
Most worthy of their daring and their strength, 


His wings are folded, and we mourn his loss. 
Vet are we certain that beyond our own 

A wider sky awaits his venturing, 

As here, because we knew him, worked with him, 
And saw our common future through his eyes, 
We have a greater goal toward which to press. 


CLARENCE R. WYLIE, JR. 





CRUMBLING ROCKS 


By RAYMOND E, JANSSEN 


Professor Janssen (Ph.D., Chicago, 1939) is head of the Department of Geology, Marshall 


College. Long interested in the popularization of science, he has written numerous books and 
; 


articles in this field. He has designed geological exhibits for the 


Chicago Natural History 


Museum, the Chicago Century of Progress Exposition, Rosenwald Museum of Science and 


Industry, and the Texas Centennial Exposition. His resear 


lor the mountains shall depart, and the hills be 
oved.—Isa. 54:10 
ROBABLY there is nothing in nature 
more grand and imposing than a 
lofty mountain, its towering peak 
snow-capped and glistening like a diadem 
the sunlight, its enormous bulk fashioned 
solid rock. By contrast, 
thing else on earth seems to be more 
firm and stable. It is not surprising, there- 
fore, that such vistas have been an inspi- 


om massive, 


ration for poets, authors, and prophets 
roughout the ages. We tind numerous ref- 
rences, particularly in the Bible, to the 
verlasting qualities of the hills and the 
mountains. The ancient prophets exalted 
their God by comparisons of his strength 
ind endurance with those of the rocks and 
the mountains; they admonished the people 
that his steadfastness was even greater 
than that of these eternal structures. Even 
modern parlance there are numerous 
sayings to the effect that something is ‘‘as 
ld as the hills” or “‘as hard as a rock.” 
On the other hand, if one will pause to 
think a moment, it is self-evident that even 
the hardest rocks are subject to breakdown 
ind decay. There are various examples of 
his on every hand. Inscriptions on old 
tombstones are slowly obliterated after 
many decades; surfaces of old stone edifices 
rumble away; stone steps of public build- 
gs are gradually hollowed out by the con- 
stant tread of leather soles. Along country 
ads where the highway has been cut 
rough rock strata, the stone soon loses 


appearance of freshness, pitted surfaces 


1s been in paleobotany 
develop, and pieces of rock slough off to 
collect in heaps at the base. If changes such 
as these occur within a few vears or decades, 
infinitely greater ones must take place over 
periods of thousands or millions of years. 
Detailed study of such phenomena has 
shown that over long periods of time all 
rocks exposed at the earth’s surface are 
readily altered. For the most part, these 
changes are accomplished, directly or in- 
directly, by the action of the atmosphere 


and precipitation, and hence are appropri- 
ately termed rock-weathering. Depending 


upon the prevailing weather and climate and 
kind of rock in any given region, the altera- 
tion process may be dominantly chemical, 
mechanical, or a combination of both. In 
humid regions the rock surfaces become dull 
and stained, crumbly and pitted, as a result 
of chemical action of the moisture upon the 
minerals comprising the rocks, causing the 
latter literally to decay or decompose. It is 
this same process that causes old tin cans or 
the unpainted surfaces of bridges and other 
structures to flake off in the form of rust. In 
arid regions, on the other hand, the surfaces 
of the rocks may remain reasonably fresh, 
but cracks and fissures appear, and thin sliv- 
ers and shells break away from the surtaces. 
Because here the air is relatively dry, the 
process is essentially mechanical in nature. 
Both processes, however, are forms of rock- 
weathering. 

As a result of either of these processes or 
both of them, solid and firm rock ultimately 
crumbles into small pieces, grains, and dust. 
If the expe sed rock forms the side of a cliff, 


steep valley, or mountainside, the weathered 
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WEATHERING AND EROSION 


Upper left, EARLY STAGES OF WEATHERING AND EROSION ARE SHOWN BY THIS GREAT SLAB OF RIPPLI 


MARKkI 


SANDSTONE WHICH HAS FALLEN FROM A CLIFF NEAR ASHLAND, KY. l pper right, SERIOUS DEVELOPMENT | 


EROSION IN SOLL MANTLE ON CUT-OVER HILLSIDE NEAR HUNTINGTON, W. VA. Lower left, ENORMOUS TRANSPO! 


ING POWER OF GLACIAL ICE IS INDICATED BY 


ORIGINAL POSITION ABOUT 20 MILES AWAY IN YELLOWSTONE NATIONAL PARK. Li 


THIS GREAT BOULDER WHICH WAS MOVED UPHILI 


FROM 


wer right, GROWING ROOTS | 


AN OAK TREE PRYING UP A SLAB OF ROCK IN THE OZARKS OF MISSOURI. 


and loosened fragments slide or ¢ reep down- 
grade to build up heaps of debris, called 
talus, at the base of the parent rock mass. In 
some mountainous regions such heaps of 
shide-rock finally become so great as to bury 
If the bedrock is 
only gently inclined or essentially horizon- 


the whole mountainside. 


tal, the small fragments remain scattered on 


the surface, eventually weathering into 


smaller and smaller particles to form the 


mantle of soil that characteristically covers 


extensive areas of the earth’s surface. In any 
region where soil lies on the surface, observa 
tion shows that with depth it grades dow 
ward into coarser and coarser iragment 
until the parent bedrock is reached. Su 
depths may, in various regions, be a matt 
of only a few inches or of hundreds of feet 
Because this mantle of broken rock at 


soil consists of relatively small particles, it 


readily carried away by such mechanic: 


running water, or ice, givin 


forces as wind, 
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to the familiar phenomenon known as 
ion. Thus rock-weathering and erosion 
rate hand in hand to break down the 
| rock and carry it away bit by bit to 
er levels and finally to the sea. Through 
se combined processes, operating contin- 
isly through the ages, mountains are 
rn low and continental areas of past times 
ve been literally washed away. Geologi- 
such events are of little moment in 


\\ 
and new 


themselves because new lands 


ountains have continually been rebuilt or 


~” 
& 


~ F 
* 


UNEQUAL RESISTANC] 


IN HUMID 


RESISTANT THAN 


TO WEATHERING 


MORI 


REGIONS SUCH CURIOUS FORMATI 
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re-elevated from time to time to take the 


place ot those that have been destroyed. 


From the human viewpoint, however, rock- 


weathering and the resulting erosion are of 


tremendous consequence, particularly where 
7 = l¢ . : . 
agriculture and related industries depend 


upon the use of the soil. 


In nature, rock-weathering and erosion 


more or less keep pace with each other, 


thereby insuring retention of the soil mantle 
In regions where it has been developed. Here 


ground water and air, penetrating down- 


ROCK STRATA 


| 


ONS RESULT FR‘ 
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BEDROCK WEATHERING 


RAIN AND WIND COMBINE THEIR FORCES TO BREAK DOWN MASSIVE ROCK IN BRYCE CANYON NATIONAL 


PARK, RESULTING IN FNORMOUS HEAPS OF TALUS, OR SLIDE-ROCK, AT THE BASI 





CRUMBLING 


CHEMICAL 


f, SOLUTION HOLES ALONG BEDDING PLANI 


THINLY BEDDED STRATA OF UNEQUAL RESISTANCH 


WEATHERED SURFACE NEAR ASHLAND, KY. 
ward through the interspaces of the soil, 
slowly weather the bedrock beneath, break- 
ing it into smaller particles, even though the 
rock is blanketed by many feet of mantle. 
If the topsoil is not carried away too fast, 
this slow weathering of the rock beneath 
continues in pace with the normal erosion of 
the soil above. Thus, under normal condi- 
tions in most areas of the world, the soil 
mantle, as a unit, would remain essentially 
static were it not for improper agricultural 
practices that permit erosion to operate 
faster than new soil can be formed by weath- 
ering. If 


researchers in rock-weathering 


could discover practical means whereby natu- 
ral weathering could be greatly speeded, 
some of our serious erosion problems might 
be solved. 

rheoretically, rock-weathering is consid- 


ered by geologists as being merely the proc- 


OF OVERTURNED SANDSTONI 
PRODUCI 


NOTI 


ROCKS 


WEATHERING OF SANDSTONI 


AT CASCADE CAVERNS, KY. Right, 


ALTERNATING RIDGES AND DEPRESSIONS ON 


SCALING-OFF OF MASSIVE LAYER NEAR BASI 

ess whereby massive rock is disintegrated 
or decomposed into smaller and finer parti 
cles, regardless of the manner in which it is 
accomplished. Erosion, on the other hand, 
involves the removal of these particles from 
their original sites to any other location, 
their ultimate destination usually being the 
sea. From a practical standpoint, however, 
it is not always possible to differentiate 


clearly between weathering and_ erosion, 


since the two are so interrelated that they 


usually aid and abet each other. This is par- 
ticularly true where so-called mechanical 
weathering appears to be the dominant fac 

tor. Because rock is a relatively poor con- 
ductor of heat, the sun’s rays cause exposed 
surfaces to become heated and expanded 
more than the interior, resulting in strains 
that weaken the reck. At night there may be 


a reversal of this condition, the rock surfaces 
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losing their heat and becoming colder than 
the inside. Such expansions are character- 


istic of desert and semiarid regicns where 


CHEMICAL WEATHERING OF GRANITE 


l bore, HAVE BEEN SMOOTHED BY 


RAIN-WASH ON \ 


LARGE BOULDERS 


HILLTOP NEAR PIKE’S” PEAK, 


CONTROLLED BY JOINT 


Below, WEATHERING 
GRANITE OF BIG 


COLO 
CRACH IN MASSIVI THOMPSON 


CANYON COLO 


temperatures may be quite high in day 
and correspondingly low at night. Asa r 

of these expansions and contractions 
long periods, the rock finally yields by s 

ing off its outer layer. As fresh surfaces 
exposed, the process is repeated. Alth 
such action may be primarily mechanica 

is aided by chemical reactions when sn 
amounts of moisture enter the cracks 
veloped in this way and further the dec 
position of the mineral matter comprising 
the rock. The loose shells of rock which thus 
fall away from the parent mass are not co 
pletely weathered, however, and may lie tor 
many years on the ground before they ar 
finally broken into particles small enoug! 
be picked up by erosion agents and carried 
away. The great structure known as H 
Dome, in Yosemite National Park, exhibits 


this form of weathering in enormous degre 


CLOSELY related to the foregoing process 
is that wherein water enters the crevices a 
pores of rocks and becomes frozen when thy 
temperature drops. The expansion of the ici 
may exert sufficient pressure to pry t 
rocks apart, and, with alternate periods 
thawing and freezing, great chunks of roc! 
may be loosened and fall away from t! 
main rock mass. In the same way, the roots 
of trees penetrating down into small. roc! 
fissures may exert suthcient force w! 
growing to lift and pry away large slabs 


r ck, 


physical characteristics of alternating layer 


In addition, the mere difference 
of rock may contribute to their disruptio! 
Common examples of this may be se 
wherever there are overhanging cliffs. TH 
soft, or more easily weathered, strata 
rocks are topped by more resistant lave 
The former, in weathering, are cut back | 
der the overlying layers, eventually contri! 
uting to the downfal! of the harder layer 


Theoretically, mechanical weathering « 


be distinguished from chemical weatheri 


{ 


The former is simply the breakdown of 


parent rock mass into smaller pieces of vat 





( 


CRUMBLIN( 


CHEMICAL WI 


er left, WEATHERING OF TUFA ROCKS ON SURFACE O1 
ONAL PARK. Lo 
A QUARRY NEAR ST. GENEVIEVE, MO. Rigi, GREAT NA 
THI 


er left, SUBSURFACE WEATHERING 


MERGROUND, PRODUCING A CAVERNOUS TUNNEL, 


FOR THI 
x size and shape, enabling them to be 
oved by gravity or by eroding agents. 
hemical weathering, however, involves an 


ctual chemical change in the composition 


of the minerals comprising the rocks. Air 


nd water, particularly if combined with 
irbonic acid from decaying vegetation, are 
owerful decomposers of rock materials; 
ence these agents literally tend to eat away 
e rock minerals. If any part ef the mineral 
onstituents of a rock mass is thus decaved 


iv, the remaining structure may become 


<0 porous and weakened as to be much more 


isily attacked by mechanical processes. 
nly under very limited conditions are rocks 
pletely weathered solely by one or the 
her means, Usually both forces operate to- 
ther. It can be readily understood that 
en rocks are disintegrated by mechanical 
fragments expose a 


the smaller 


reater total surface area to the attack of 


Cans, 


emical agents, permitting the latter to 


A\THERING OI] 


SPAN WHICH CONS 


» ROCKS 


LIMESTON] 


AGENI IN YELL 


GROUND BY ATMOSPHERIK 


ALONG CRACI IN MASSIVE LIMESTONE, A 


[URAL BRIDGE OF VIRGINIA, DEVELOPED BY 


ROOF OF WHICH SUBSEQUENTLY COLLAPSI 


PITUTES THI 


\nd 
this, in turn, may quicken further mechani 
breakdown. 


such a 


perform their work more effectively. 


cal some types of rocks and 


minerals, s limestone, marble, salt, 


and gypsum, are quite susceptible to chemi 


cal attack: whereas others, such as shale, 


quartzite, and many volcanic rocks, are not 


and are therefore broken down pring Ipally 
hanical means. 


by me 


Having been weathered, all rock particles 


are subject to transport, technically called 


erosion, whereby they are removed to other 


ly to the sea. Depend 


locations and ultimate 


Ing upon the regi n, the * rosion agents are 


tie 


wind, ice, or water. Operating most effec 


tively in arid regions, the wind picks up the 
» as dust 


smaller weathered particles, sucl 
and fine sand grains, often carrying them 


great distances before dropping them again 


During the exceptionally dry periods of 


1934-36, enormous dust storms, originating 


in tl (sreat Plains of the United States, 


1c 
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GODS ARE THE RESULT OF COMBINED MOISTURE AND 


CAVES DEVELOPED BY SIMILAR AGENTS IN HORIZONTAL BEDS NEAR 
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swept eastward across the continent. At 
Chicago, Detroit, and farther east, these 
storms were of such intensity as to black out 
the sun at midday. In some instances, the 
storms raced onward over the Atlantic, and 


sailors on ships at sea actually swept the 


dust of our Western prairies from. their 


dex ks. 


The wind, as an eresion agent, may also 
do much weathering. The loose sand grains, 
as they are blown along, may be hurled 
against projecting masses of rock with suc 
force as to abrade, or wear away, their sui 
faces by a natural sandblast. Since the wind 
usually cannot lift sand grains very hig 


from the ground, most of the sandblasti 
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occurs within a few feet of the 
nd. This results in undercutting of the 

s to produce many curious rock forma- 
such as ‘toadstool rocks,’ balanced 

s, and oval caves in cliffsides. Often- 

es telephone poles and fence posts are cut 
iear the ground line by such sandblasting. 
Running water, because of its almost uni- 
sal distribution, is generally conceded to 
the most important erosive agent. Most 
readily understood of all geologic processes 
; the part that surface streams play in land 
erosion by carrying away in suspension most 
of the weathered products of their drainage 
areas. In order to study the transporting 
power of streams, gauging stations are main- 
tained near the mouths of many large rivers. 
In this way it has been determined that the 
Mississippi River normally carries more 
than a million tons of sediment daily to the 
Gulf of Mexico. Less well known, however, 
is the fact that these suspended particles of 
sediment may themselves act as further 
agents of weathering, as do the wind-carried 


particles. While being swirled along in the 


STREAM 
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streams, the grains strike against the sides 


and the bedrock of the stream channels, 
grinding off additional particles of rock. It 
is also recognized that streams may trans- 
port stones that are too large and heavy for 
them to carry by suspension. They do this 
simply by rolling or buffeting them along 
their beds. Because of their greater gradi- 
ents, tiny mountain streams may do this 
even more effectively than large, sluggish 
rivers. Frequently such stones roll into ir- 
regular depressions of the stream bed. If 
they are too heavy to roll out of the depres 
sion again, they may be swirled around and 
around in it, resulting in the grinding out of 
deep hollows, termed potholes. A long series 
of these may be spac ed so close together as 
to coalesce, or cut into one another, even- 
tually lowering the stream bed. 

\ny stream, whether it be on the surface 


or underground, and depending upon the 


kind of rock over or through which it is flow- 


ing, may also dissolve the rock. This is most 


pronounced where subsurface streams flow 


through crevices in limestone or other solu- 


ABRASION 
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ble types of rocks. This is, of course, a chem- 
ical action wherein the rock is weathered 
and carried away immediately in solution. 
All our large and beautiful caverns, such as 
Carlsbad, Mammoth, and Luray, were hol- 
lowed out by extended enlargement of 
cracks in the limestone by this dissolving 
power of running water. 

Even nontlowing waters, such as the sea 
itself, are powerful weathering and eroding 
agents along the shores where they come 
into direct contact with the land. Rocky sea 
cliffs are battered to pieces by the onslaught 
of the waves. This is accomplished largely 
by the air that occupies the crevices in the 
rocks becoming compressed when the waves 
slap against it. The compressed air then 
tends to spread the rocks apart, eventually 
weakening them to the crumbling point. 
The broken rocks fall to the beach, where 
the waves pound them into fragments small 
enough to be carried out to sea by the under- 


tow and alongshore currents. 


IN some respects, ice may be the most 
powerful eroding agent of all, particularly in 
regions where it occurs as enormous glaciers. 
Because of its rigidity, ice offers greater 
resistance than does either water or wind; 
therefore, when glacial ice moves over rock 
surfaces it may actually gouge out rocks 
that neither wind nor water could easily 
reach. The rock fragments thus gouged out 
may then become frozen in the bottom of 
the glacier and abrade the surfaces over 
which they move. In this way the glacier 
acts like a gigantic piece of sandpaper, 
grinding down the lands over which it 
passes. Also, in contrast to flowing water, 
which receives its momentum from gravity, 
glaciers may actually move uphill, wearing 
off the tops of hills and mountains as they 
ride up and over them. The method of up- 
hill movement of ice may be visualized by 
likening a glacier to a string of railroad cars 


that are being pushed upgrade by a loco- 
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motive. The glacial ice accumulates 
compacted snow that has fallen in the re; 
of greatest precipitation. After a suffi 
thickness of ice has thus been mounde 
(usually several hundred to a thousand 
or more), it begins to move under its « 
weight, continuing to move thereafte: 
long as snow continues to be added at 
accumulation point. The pressure thus 
ated may cause the extremities of the glacier 
to move uphill if any elevations stand in its 
path. Thus the forward end of a glacier n 
act like a gigantic plow as it is shoved along 
Valley glaciers, those long, narrow rivers 
of ice that characteristically move down the 
sides of high mountains, are enormous car 
riers of rock debris. As they slowly wind 
their way down through the valleys, the 
flowing ice tends to conform to the valley 
shapes; but because the ice is nevertheless 
rigid, it cuts away at the sides and bottoms 
of the valleys, ever widening and deepening 
them by abrasion against the rock. As the 
valleys are cut wider and deeper, the upper 
parts of the valley walls may be left so 
poorly supported that slides and avalanches 
catapult down upon the glaciers from over 
head. This material, often 
rocks and boulders of immense size, then 


consisting of 


rides along on top of the glaciers as though 
on great sleds. In this way rocks larger than 
houses can be carried along by the moving 
ice, a feat impossible for wind or water to 
accomplish. 

Since, by definition, rock-weathering 1s 
the process of disintegrating or decomposing 
the rock into smaller pieces, and erosion is 
that of carrying these particles away, 1 
should follow that the two processes ar 
distinct in themselves. Yet, when one ob 
serves these activities taking place, it is vi 
tually impossible to draw sharp lines bi 
tween them. At what point do wind, wate! 
and ice cease to break rock and, thereatfte: 


merely transport it? The two processes ma) 


actually work simultaneously, and furth 
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weathering may continue while the frag- 
ments are being transported. Only in the 
case of chemical weathering, wherein the 
rock material is completely dissolved and 
combined with the moving water, does 
weathering cease before final deposition in 
the sea. It is also true that neither weath- 
ering nor erosion could long continue with- 
out the other. Without weathering there 
would be no rock particles to be transported; 
and without erosion the weathered frag- 
ments would accumulate to such depths that 
the agents of weathering could not penetrate 
beneath the debris, and further weathering 
would cease. We have only to study the sur- 
face of our moon in order to visualize a con- 
dition wherein weathering and erosion do 
not occur. Because there is no atmosphere 
and no water on the moon, its surface re- 
mains unchanged except for the impact of 
falling meteors. 

The profound effects resulting from the 
combined action of weathering and erosion 
account for nearly all the geologic changes 
that occur on the surface of the earth. The 
only exceptions are the processes of volcan- 
ism, faulting, and regional uplift, wherein 
new lands may be built and old ones shifted 
in position. But even these may be, in part 
at least, an indirect result of weathering and 
erosion. It is evident that, after vast lands 
and mountains have been eroded and the 
materials that comprised them have been 
deposited in the sea, a_ redistribution of 
weight has occurred. The lands have become 
lighter from the loss of material, and parts 
of the sea bottom have become heavier by 
the addition of these sediments. The added 


weight on the sea floor appears to cause it to 


sink, vet sinking toward the center of the 


earth cannot continue indetinitely because 
of its already greater density. The pressure, 
therefore, may be distributed laterally to 
the adjacent lands, apparently causing re- 
elevations. In this way, new mountains may 
be born or old ones uplifted. Then the cycle 
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begins anew, for the recently elevated 

are at once attacked by weathering 
erosion agents. Such cycles are the ba 
subdividing geologic time, each major u 
marking the end of one period, or 
and the beginning of a new one. It can 

be seen that the same grains of sand and 
may be used over and over again du: 
successive periods of the earth’s history. || 
grains of sand carried down from the heig 
of the present Rockies by the mighty ( 
rado River are used en route for the cutting 
of the Grand Canyon, finally being deposited 
in the Gulf of California. Here they 

be consolidated into rock layers that in so1 
future age will be uplifted to make new 
lands, whereupon they will once again b 
subjected to weathering and erosion and } 
carried downward to another sea. Although 
millions of years may have elapsed, the i: 
dividual sand grains may even retain thei 
identity in form and substance. Thus it 
paradoxically true, perhaps, that the rock 
are both ephemeral and everlasting! 

To weathering and erosion, then, may b 
attributed nearly all those natural featur 
of the earth considered beautiful in the ey: 
of man: the towering mountains, peaceful 
valleys, sweeping hills, broad plains, a 
dashing waterfalls. There are few individ 
look 


without experiencing some inward feeling 


als who can upon beautiful scenery 
emotion at the wonders displayed befor 
them. Such vistas may at first appear m) 

terious and meaningless but, upon study a1 

contemplation, may be read like the pages 
of a book. It is the mighty history of 

ever-changing earth wherein rock piled « 
rock is slowly crumbled away, only to be r 
built from the products of its own destru: 
tion into new rocks of some succeeding ag 
The words of the prophet, written sever 


millennia ago, still ring with truth: 


The mountains scatter 


the perpetual hills did bow: his ways are e\ 
Hab. 3:6. 


everlasting were 


lasting 
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Scientific Radio Union and Chairman of the Radio Technical ( 


HE ionosphere is the frontier be- 
tween geophysics and astronomy. 

Its exploration is providing evidence 

| elucidation of the control of geophysical 
phenomena by the sun. It is mainly by 
observations of radio propagation that the 
evidence and elucidation are secured. Geo- 


magnetism, aurora, and related fields, 


such as currents, also contribute. 


the correlations with solar 


earth 
By means of 


phenomena established by observations in 


these geophysical fields, the fields them- 
selves are in turn greatly benefited, even 
to the point that observations of solar events 
permit predictions of geophysical events. 
In the case of radio propagation the prac- 
tical benefits are so great that a world- 
wide observing program has been estab- 
lished during the past five years and is being 
further developed. 

The ultraviolet radiation 
particles from the sun and its corona that 

the earth’s 

ionization varies in 
different in different strata, depending upon 


and electric 


reach atmosphere produce 


which time and is 
chemical composition, state of dissociation, 
density, and temperature. This ionization 
ind its 
the major characteristic properties of the 


stratification and variations are 
gaseous envelope of the earth at altitudes 
vreater than about 40 km. above the earth’s 
surface. A rough sketch of the atmospheric 
structure is shown in Figure 1. There are a 
number (commonly three: E, Fy, Fs) of 


* Presented at the Harvard Centennial Sympo- 
m, December 30, 1946, Cambridge, Mass. This 
er will be included in the Observatory Centennial 


ime. 


ich 
president of the Internati 
mmisston for Aeronaut 
ionized layers that reflect radio waves, and 
a lower layer or region (D)) whose outstand 
ing role is to absorb radio wave energy. 
The ionization density and heights of 
these layers change with time of day, from 
day to day, with season, and from year to 
year. They are also very different at dif- 
The 


great controlling cause of the ionosphere 


ferent geographical locations. first 


variations is the sun’s ultraviolet light. 
Varying amounts of such light at different 
frequencies pour forth from the sun, in- 
creasing and decreasing with solar activity 
(roughly indicated by the sunspot number). 
The ionization of the several layers of the 
ionosphere, in consequence, varies with the 
sunspot number. Irom the ionizations and 
heights of the layers and from energy- 
absorption data are calculated the distance 
ranges of radio sky-wave transmission, and 
the upper and lower limits of frequency in 
which radio sky-wave transmission is pos- 
sible. 

light, the sun 


the ultraviolet 


emits electric particles in an amount that is 


Besides 
much less regular and more sporadic. These 
particles introduce variations and irregular- 
ities in the ionosphere’s characteristics and 
in radio propagation which interfere with 
the more predictable trends occasioned by 
the general ultraviolet-light radiation. At 
times great outbursts of these particles 
produce extensive effects which, taken to- 
gether, are described as an _ ionosphere 
storm. The recognition of the effects pro- 
duced by an ionosphere storm upon radio 
propagation and the forecasting of the times 


of such occurrences are very important. 





116 THE SCIENTIFIC MONTHLY 


I sWALL herediscuss primarily what isdone means have been amply described 
to determine the characteristics of the iono- | merous publications. They include « 
sphere and something of their significance. determination of: layer height, by es 
The determination of ionosphere char- graphic measurement of time of tray 
acteristics is essentially a radio observing — radio pulses reflected by the layer; ioniz: 
program. From certain types of radio ob- density, by observation of the upper lin 
servations we obtain the characteristics of | radio frequency that can be refle 
the ionosphere and their effects upon radio — energy absorption, by recording of inte: 
propag ation. As these effects are in constant of received radio waves. These meas 
change, the observing program and the pre- > ments are made upon both vertically 
dictions based upon it become a great obliquely reflected waves. Associated 
undertaking analogous to the weather ob- these determinations, and necessary 
servation and forecasting program. It has — radio propagation predictions, are meas 
to be world-wide because the ionosphere ments of radio noise, both the geophys 
characteristics vary with latitude and — type, caused principally by thunderstor 
longitude and with geomagnetic latitude. and the extraterrestrial types, stellar 

The nature and technique of the measure- — solar. 
ment of ionosphere characteristics by radio We are now in the fortunate positior 
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FIG. 1. STRUCTURE OF THE ATMOSPHERI 
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FIG 2. LOCATIONS OF IONOSPHERE OBSERVING STATIONS 


having data on ionosphere characteristics 
for more than a full 11-year solar cycle. 
The compiling of such data received ex- 
traordinary impetus during the war 
because of the military value of precise 
knowledge of the usability of the various 
radio frequencies at specific times over 
specific transmission paths. Peacetime has 
continued and even intensified the recog- 
nition of the need for such data because of 
their added importance for commercial 
radio applications and their value in solar 
and geophysical sciences. 

During the war laboratories were estab- 
lished to centralize ionospheric data for the 
military services, in England, the United 
States, Australia, the U. S. S. R., Canada, 
and in the enemy countries as well. The 
Allies cooperated in maintaining world- 
wide observations. By the end of the war no 
less than 44 stations were regularly report- 


ing ionosphcric observations. During the 
past year 14 have been added, so that we 
now have 58 stations in operation (Fig. 
2). The data reported by these stations, 
together with analysis of radio traffic data 
from a number of communication networks, 
have permitted the continual improvement 
of world charts of predicted ionosphere 
characteristics, from the beginning in 1941, 
based on only three stations, to the compre- 
hensive charts now published monthly by 
the Central Radio Propagation Laboratory 
(CRPL), National Bureau of Standards. 
The knowledge gained from the greatly ex- 
panded world-wide ionospheric coverage has 
permitted a much improved delineation of 
the regular variations of the ionosphere with 
latitude and local time. 

One consequence of the improved world- 
wide coverage was the discovery of the 
longitude effect in 1943. This was the 
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FIG 3. WORLD ZONES FOR PREDICTIONS OF RADIO PROPAGATION 
THE WORLD IS ZONED BECAUSE OF LARGE VARIATIONS OF IONOSPHERE CHARACTERISTICS WITH LONGITUDE. 


discovery that ionosphere characteristics 
are not the same, at the same local time, 
for stations at the same latitude but dif- 
ferent longitudes. Instead, they depend to a 
great extent on the geomagnetic latitudes of 
the station. Thus the station at Delhi, 
India, shows quite different character- 
istics from those observed at Baton Rouge, 
La., at about the same geographic latitude. 
Following this discovery, the world was 
divided, for practical prediction purposes, 
into the three zones shown in the map 
(Fig. 3). In each zone the characteristics 
are roughly independent of longitude, to a 
good enough practical approximation for 
radio propagation predictions. 

From vertical-incidence data reported 
from the observing stations all over the 
world, the CRPL prepares charts for cal- 
culation of the maximum usable frequency 
(muf) on any transmission path. Three 


sets of predicted F.-layer ionosphere charts 
are prepared for each month, giving, for the 
three zones, the zero-distance muf and the 
4,000-km. muf (see Figure 4). An E- 
layer and a sporadic-E muf chart are pre- 
pared, also for.each month (Figure 5). 
From these the muf can be calculated for 
any transmission path anywhere in the 
world. The charts are published three 
months in advance of the month for which 
the predictions are made. They are in the 
monthly CRPL publication Basic Radio 
Propagation Predictions, obtainable from 
the Superintendent of Documents, Govern- 
ment Printing Office. 

Data on ionospheric absorption, of use 
in calculating radio distance ranges and 
lowest useful high frequencies, are obtained 
by observation of the intensities of re- 
ceived radio waves. Continuous records of 
received intensities are made at many of the 
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FIG. 4. F-LAYER MAXIMUM USABLE FREQUENCY IN MEGACYCLES 
Above, VERTICAL INCIDENCE. Below, FOR 4,000 KM. BOTH I ZONE PREDICTIONS FOR MARCH 1946. 
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jonosphere observing stations. Figure 6 
shows a sample automatic field-intensity 
record. Studies of oblique- and _ vertical- 
incidence ionospheric absorption based on 
such data have been made and continue. 
An equivalence theorem, similar to that 
used in calculating maximum usable fre- 
quencies, is used, employing the observed 
field-intensity data to supply numerical 
values to the many uncertain factors in the 
equation for absorption. It is found that 
the diurnal variation of ionospheric ab- 
sorption varies, on the average, linearly 
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principles and is expected to yield important 
knowledge of ion collisional frequencies, 
mean free paths, and atmospheric temper- 
atures and densities. 

Study of absorption of radio waves prop- 
agated through the absorbing layer, which 
exists in daytime below the E-layer, shows 
close correlation with solar activity as 
measured by sunspot numbers, Analysis 
of the vertical-incidence absorption meas- 
urements by CRPL from 1944 to 1946 
indicates the trend of this absorption. 
Preliminary estimates indicate that the 
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FIG. 6. SAMPLE AUTOMATIC RECORD OF FIELD INTENSITY FOR NORMAL DAY 


with the cosine of the zenith angle of the 
sun, a fact that simplifies greatly the in- 
tegration of ionospheric absorption over a 
given transmission path: the absorption can 
then be determined as a function of fre- 
quency, distance, and average solar zenith 
angle over the paths. For rapid calculation, 
charts of absorption index (Fig. 7) are 
drawn, K being defined as unity at the 
subsolar point and zero at night. Based on 
such a chart, calculations for actual received 
radio intensities for particular transmission 
paths are made with the aid of nomograms. 

The body of absorption data, accumu- 
lated for practical use in radio operations, is 
being analyzed in the light of physical 


coefficient of absorption increases by about 
60 or 70 percent for an increase in annual 
average sunspot numbers from 0 to 100. 
It is interesting to note that this is roughly 
equal to the increase in amplitude of the 
quiet-day variations in terrestrial mag- 
netism for corresponding increases in sun- 
spots. This long-time trend has been recog- 
nized for some time. More recently it has 
been discovered that even the short-time 
changes in sunspot numbers affect ab- 
sorption so that the sun’s rotation period is 
reflected in the day-to-day variations in 
absorption. The magnitude of these short- 
time changes in absorption appears to be 
slightly less than the long-time changes, 
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but they are sufficiently large to have 
importance in communication problems. 
These effects are illustrated in Figure 8 
by the superposed epoch method, where 
sunspot sequences for 13 intervals of 54 
days were selected and superposed with 
sunspot maxima centered in the interval; 
absorption figures for the same 13 epochs 
were also superposed in an identical man- 
ner. Roughly the same characteristics ap- 
pear in the absorption and in the sunspot 
numbers. 


Tue less predictable characteristics of 
the ionosphere, such as the stormy periods 
that ensue when great showers of electric 
particles arrive from the sun, are no less 
important than the more or less regular 
and predictable phenomena discussed in the 
foregoing. During periods of ionosphere 
storms the ionosphere is turbulent, the 


) 
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ionization density of the upper layers is 
diminished, layer heights increase, and radio 
communication is difficult. 

There are times, too, when quantities of 
ultraviolet radiation vastly in excess of 
normal are emitted by the sun and destroy 
high-frequency radio transmission com- 
pletely. These occurrences are great ex- 
plosions on the sun and often include visible 
radiation so that the solar eruption can be 
actually seen simultaneously with the radio 
fade-out. The effect begins very suddenly 
and lasts from a few minutes to a few hours, 
Its consequences exist in the ionosphere 
throughout the earth’s hemisphere il- 
luminated by the sun. The sudden de- 
struction of radio reception is illustrated in 
Figure 9; received intensity became zero 
simultaneously throughout the daylight 
half of the earth, as shown by the field in- 
tensity records; a simultaneous kink may be 
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COMPARISON OF SHORT-TIME VARIATIONS (VERTICAL INCIDENCE, 2,061 KC.), 1945-46. 
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seen in the magnetograph records shown. 

The effects of ionosphere irregularities 
upon radio systems of navigation are 
particularly serious; e.g., varying layer 
heights change the time of arrival of radio 
pulses and thus give false indications in the 
Loran and similar systems. Ionosphere 
turbulence and spotty ionization produce 
rapid changes in the polarization and 
direction of arrival of radio waves at a 
receiver. These effects and transmission 
over multiple paths produce serious errors 
in radio direction finders. 

Ionosphere storms are so detrimental 
to the various radio services that the fore- 
casting of their times of occurrence is im- 
portant. The scheduling of major broadcasts 
is an example of the need of such forecasts. 
Another is long-distance flying, which de- 


pends heavily upon radio messages giving 
weather information, etc., and upon radio 
systems of navigation. Ionosphere storm 
effects are at a maximum in the auroral 
zone, and thus the very extensive radio 
communication and navigation across the 
North Atlantic are vitally affected. Here, 
solar observations come to the direct aid of 
the student of the ionosphere. A weekly 
forecast is issued by the Central Radio 
Propagation Laboratory, based in large 
part upon coronagraphic and other solar 
observations reported daily by four solar 
observatories, namely, McMath-Hulbert 
(Colorade), Harvard, Mt. Wilson, and the 
Naval Observatory. In these forecasts use 
is also made of geomagnetic and radio 
observations. The forecast gives a _pre- 
diction of future periods in which disturb- 
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ances are most probable and also gives a 
rough estimate of the quality of radio re- 
ception, on a numerical scale, in several 
zones (Fig. 10). The greatest disturbance 
is in Zone A and the least in Zone C. The 
boundaries of the zones shown are coin- 
cident with geomagnetic latitude lines. 

This weekly forecasting service is sup- 
plemented by a warning of radio disturb- 
ance, caused by ionosphere irregularities, a 
few hours to a day in advance. This is based 
largely upon observations of radio direction- 
finder bearings over the North Atlantic 
path. The warning service is broadcast from 
the National Bureau of Standards radio 
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station WWYV twice each hour (at 20 and 
50 minutes past the hour). 

There is another agent besides the sun 
that plays a part in ionizing the ionosphere, 
namely, meteors. When a meteor enters 
our atmosphere, its impact ionizes the air 
adjacent to it and produces an ionized 
trail. A meteor’s passage can therefore be 
seen on the oscilloscope of an ionospheric 
recorder or a radar set. Observations of 
meteors by this method received extensive 
publicity last October because of the 
striking advantage of this method of ob- 
serving them when clouds screen them from 
sight. Radio reception on frequencies above 
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FIG. 9. SUDDEN DISTURBANCE OF THE IONOSPHERE ON MAY 28, 1936 
AS REVEALED BY RADIO FADE-OUT AND TERRESTRIAL MAGNETIC PERTURBATION. 





THE IONOSPHERE 


40 Mc. is sometimes subject to interference 
by short bursts of transmission from a very 
distant station, and these bursts of inter- 
ference are, in some cases at least, caused by 
reflection from meteor trails. It is possible 
that the more continuous type of ionosphere 
jonization known as sporadic E is in large 
measure caused by meteors. 
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actual sunspot numbers. It is convenient to 
retain the sunspot number terminology, 
although the ionospheric sunspot number is 
much more fruitful than the actual sunspot 
number as a basis of comparing various 
phenomena affected by the sun. 

Since the monthly CRPL predictions of 
ionospheric conditions are made five months 
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FIG. 10. WORLD ZONES FOR RADIO DISTURBANCE FORECASTS 


Reverting to the more regularly pre- 
dictable ionization conditions caused by the 
major flow of ultraviolet radiation from the 
sun, the close correlation of the ionization 
of the ionosphere with sunspot number has 
been mentioned. Analysis has shown that 
ionospheric measurements of critical radio 
frequencies are a considerably better index 
of fundamental solar activity than sunspot 
numbers themselves. An equivalent, or 
ionospheric, “sunspot number,’’ calculated 
from critical frequencies, presents a 
smoother and more reliable graph than 


in advance, it is necessary to estimate the 
probable value of the sunspot number at the 
time for which the predictions are made, in 
order to take into account the established 
relationship between ionospheric conditions 
and sunspot numbers. A simple system for 
forecasting sunspot numbers some months 
in advance has been developed at CRPL 
and used for this purpose. It is based on the 
average correlation between sunspot num- 
bers in successive years. Predictions of sun- 
spot numbers by this method at 3-month 
intervals one year in advance have had an 
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average accuracy of three (on the sunspot 
number scale) for six predictions during 
the cycle now in progress. It is unlikely that 
this high accuracy will be maintained, since 
the error limit, estimated from preceding 
cycles, exceeds this figure, the probable 
error of a prediction for one year in advance 
averaging slightly over seven on the sun- 
spot number scale. 

The principal emphasis to date in the 
study of the ionosphere has been upon 
practical use of the data in the forecasting 
of radio transmission conditions. There 
has not been entire neglect of the utilization 
of this great body of data in determining the 
basic properties of the atmosphere or the 
nature of the physical processes by which 
solar events control these properties. The 
ionosphere, the extreme outer envelope of 
the earth, is recognized as a strategically 
situated radiation laboratory. The principal 
laboratory tools are radio waves, recordings 
of geomagnetism and aurora, meteors, and, 
more recently, rockets. Data from this 
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planetary laboratory will increasingly re. 
veal the physical condition of the outer 
atmosphere, its temperatures, densities, 
mean free paths, recombination processes, 
geomagnetic circulation, and may also lead 
to information on air circulation and other 
phenomena in the Jower atmosphere (strato- 
sphere and troposphere). As an astronomical 
laboratory the ionosphere is perhaps even 
more interesting. The statistical studies of 
the regular radiations from the sun, revealed 
in the regular ionosphere characteristics, 
the observations of radio and: geophysical 
anomalies associated with the irregular 
solar outpourings of radiation and particles, 
and stellar and solar noise measurements 
have taken their place alongside spectro- 
scopic studies as powerful means of increas- 
ing the intimacy of our acquaintance with 
extraterrestrial events. 

Despite the extensive work already under 
way, ionospheric and related research are 
only beginning; countless lines of profitable 
work need further cultivation. 





WEALTH DIFFERENCES IN A MEXICAN VILLAGE 


By OSCAR LEWIS 


Dr. Lewis (Ph.D., Columbia, 1940) is Assistant Professor of Anthropology at Washington 

University. Prior to the war he taught at Brooklyn College and was a Research Assistant at 

Yale. During the war he was employed with various government agencies doing research in 

rural areas of the United States, Cuba, and Mexico. The material for this article was gathered 

under the auspices of the Inter-A merican Indian Institute, Mexico City. In June Dr. Lewis 
returned to Tepoztlén to complete his study. 


NTHROPOLOGISTS have long 
noted the existence of wealth dif- 
ferences in so-called primitive or 
folk societies and have recognized that there 
is some relationship between the distribu- 
tion of wealth and the social structure. How- 
ever, the absence of quantitative studies of 
wealth differences has impeded a fuller un- 
derstanding of the role of wealth and has 
limited the scope and quality of our analysis 
of the economics of other societies. In this 
connection anthropologists might well learn 
from rural sociologists who, in their studies 
of rural groups in our own culture, use quan- 
titative data on property ownership, par- 
ticularly land, as a starting point in their 
analysis of rural society. The need for this 
type of data in anthropological studies has 
been explicitly recognized in recent years by 
a number of anthropologists. 

I think it is worth while to consider briefly 
why there have been so few quantitative 
studies of wealth differences. One reason has 
been the tendency to assume that nonliter- 
ate societies are simple and homogeneous 
and that the study of wealth distribution 
would not be especially revealing. Another 
reason is that many anthropologists have 
frankly not been interested in the field of 
economics. But even for those anthropol- 
ogists who have been aware of the need for 
more precise data on wealth distribution 
there are serious obstacles of a practical 
field-work nature. The sheer amount of time 
and work required for gathering the neces- 
sary economic data—for measuring plots of 
land, for determining land productivity, and 





for obtaining property inventories on hun- 
dreds of families—presents a discouraging if 
not impossible task, especially for the tra- 
ditional lone anthropologist who goes into 
the field as a one-man expedition of all the 
social sciences, eager to get a bit of every- 
thing. 

It is the purpose of this article to report 
the results of an effort to study quantita- 
tively the wealth differences in the Mexican 
village of Tepoztlin and to present a scale 
devised to measure these differences. The 
data set forth here were gathered in the 
village of Tepoztlan over a seven-month 
period from December 1943 to June 1944, 
with the assistance of Mexican students and 
professional agronomists. It will be recalled 
that this village had been studied seventeen 
years earlier by Dr. Robert Redfield. 

Tepoztlin is located about 18 km. from 
Cuernavaca on the escarpment of the Ajusco 
Mountain Range at an altitude of about 
5,000 feet. It is a village of approximately 
3,580 people (as of 1944), distributed in 853 
families. The population consists of peas- 
ants, artisans, and merchants, but the vil- 
lage is primarily agricultural, and most of 
the merchants and artisans are also part- 
time farmers. Tepoztlin is the cabecera, or 
“seat,” of the municipio of the same name, 
which consists of seven smaller villages, all 
within a radius of less than four miles. The 
country is hilly and forested, and the land is 
poor. Less than 25 percent of the total land 
area of the village is suitable for cultivation. 
The remainder is in forest or pasture, both 
of which are communally owned. 
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Our first step in the study of wealth dif- 
ferences was to determine how wealth was 
defined by the villagers. Invariably, los ricos, 
or “the wealthy,” were described as ‘‘those 
who own much land and cattle.”’ Private 
land ownership (in contrast to ejido hold- 
ings) was considered the single most impor- 
tant form of wealth. It is the goal of each 
family to own land; artisans and merchants 
invest in land when they can. Cattle and 
oxen rank next in importance as forms of 
wealth. In all, twelve items were most fre- 
quently mentioned by informants as forms 
of wealth in the village. These were ejido 
plots, privately owned land, team of oxen, 
plows, cattle, burros, mules, horses, hogs, 
sewing machines, urban property (i.e., the 
ownership of more than one house site and 
house in the village), and plum trees (S. 
lutea or a related species). Of these items we 
need note here only that they are all means 
of production and a source of income. The 
sale of plums, for example, is an important 
source of income for many families, par- 
ticularly since the building of the road in 
1935. 

How are these items of wealth distributed 
among the 853 families of the village? Let us 
begin with land. There are three types of 
land tenure in Tepoztlan. First, there is pri- 
vately owned land, which can be bought and 
sold. Second is the ejido, which is granted by 
the Departmento Agrario to the village and 
then by the local Ejido Commissioner to an 
individual family. This land can be held by 
the family as long as the land is being used. 
It can be inherited by the succeeding head 
of the family but cannot be sold. Third is 
tlacolol, which refers to the land on the rocky 
and wooded mountainsides that form part 
of the municipal land and which can be 
cleared and planted by any Tepoztecan. 
Tilacolol is not considered a form of wealth; 
on the contrary, it has traditionally been 
viewed as the last resort of the poor. 

We found that 311, or 36 percent, of the 
853 families own land. Two hundred sixty- 
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sever: families, or 31 percent, hold ejido 
grants. Of these, 158 families have only ejidg 
grants, and 109 own their private land in 
addition. Thus, in a village where the idea] 
is for each family to own its own plot of land, 
we find that 64 percent of the families own 
no private land, and 46 percent have neither 
private land nor ejido holdings. 

The size of privately owned holdings is 
given in Table 1. 

The striking thing about the land holdings 
is their extremely small size. This table 


TABLE 1 





No. of 


Stee Percent 


Size of holding 





109 36.2 
97 32.2 
67 22.2 
18 5.9 
4 1.3 
4 1.3 
2 66 


Less than 1 hectare........ 











shows that 90.6 percent of all private hold- 
ings are less than 9 hectares in size, and 68.4 
percent are less than 4 hectares. The largest 
holding is only about 27 hectares, and there 
are two such cases in the village. A man with 
10 or more hectares is a relatively large land- 
holder. Over 36 percent are less than 1 hec- 
tare. Ejido holdings, too, are small—95 per- 
cent are less than 3 hectares in size. When 
we remember that 384 families own no land 
at all and have no ejidos, the essential land 
poverty of the villagers is revealed. 

Let us now consider the ownership and 
distribution of cattle. Only 180, or 21 per- 
cent, of all families own cattle. Well over 
50 percent of these own between 1 and 3 
cows; about 40 percent own between 4 and 
10 cows. The largest herd, which is owned 
by the wealthiest man in the village, cons'sts 
of 70 head. 

The distribution of two other items, 
namely, oxen and plows, also tells us a great 
deal about the agricultural economy. There 
are 179 families who own a team of oxen, 
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and 213 families own plows. Thus, of the 469 
families who own land or ejidos or both, over 
63 percent own no oxen with which to work 
their land, and 52 percent own no plow. The 
families who own oxen therefore do a great 
deal of custom work, from which they realize 
a good income. 

In order to rank the families according to 
their wealth, we devised a point scale using 
one point for every 100 pesos of value. 
Points were assigned to each of the items in 
accordance with the approximate sale value 
or the approximate production value or 
both. Thus, one hectare (approximately 2.4 
acres) of ejido land was assigned 3.6 points 
because the average annual production of 
one hectare of ejido land in Tepoztlan as of 
June 1944 had a market value of 360 pesos. 
On the other hand, one hectare of privately 
owned land was assigned 7.2 points, which 
represented both the value of production 
and the sale value. 

We were tempted to assign points for 
prestige value, such as in the case of pri- 
vately owned versus ejido land, but to avoid 
further complications this was not done. 

The items of the scale and the assigned 
points for each item are given in Table 2. 


TABLE 2 
1 hectare ejido............. 3.6 
1 hectare private land...... 7.2 
J team of oxen... ........ 7.2 
BHRON o SiRN eRe ies sis s cas 0.7 
DRMEE sod aie bdteadelee cava a1 
ee Lo 
PERE OS ansiuetseoneak. 3.0 
CC Cia tVankansceekess 2.5 
a EE ee PET ee 1.5 
1 sewing machine.......... 3.5 
urban site & house....... 7.5 
oo er ere 1.0 
nonfarm occupation ..... 1.0 forevery 
100 pesos 
earned 


annually 


adding the number of points which it ob- 
tained for each item. For example, if a fam- 
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ily owned 4 hectares of land (the minimum 
size of holding considered necessary by 
Tepoztecans for a “decent living”’ for a fam- 
ily of five), 1 plow, 1 team of oxen, 1 horse, 
1 cow, 2 hogs, 2 plum trees, and a sewing 
machine, it would receive a score of 47 
points. Since this is a very modest list, even 
according to Tepoztecan standards, a score 
of 40 to 50 points may be taken to represent 
approximately the minimum in property 
ownership necessary for a self-sufficient farm 
family. The distribution of scores is pre- 
sented in Table 3. 

The most significant features in this fre- 
quency distribution are (1) the extremely 


TABLE 3 


FREQUENCY DISTRIBUTION OF 853 FAMILIES ON 
Economic Potnt SCALE 






















































No. of Per- Per- Per- 
Score fam-| cent Sub- | cent | Large! cent 
ilies of group; o group| of 
total total total 
400-407.4..; 10.11 
220-253 .0.. 3 0:35 
200-219.... 2 | 0.23 
190-199.... i} Oi B | 1:8 
180-189. ... 1; 0.11 
170-179.... 3 | 0:35 
160-169... 41 G:23 f III | 4.4 
150-159.... 3 | 0.35 
140-149.... 3 | O35 
130-139.... 5 | 0.58 
120-129... 4|0.46(| * | 2-9 
110-119.... 4 | 0.46 
100-109.... 6 | 0.70 
90- 99....) 16} 1.87 
80- 89....} 18} 2.11 
70- 79....| 17 | 1.99 
60- 69....| 20 | 2.34 a Se eee 
50- 59....| 28 | 3.28 
40- 49....; 20; 2.34 | 
30- 39....| 74 | 8.67 
20- 29....} 111 {13.00 B (21.6 
10~ 19....| 206 |24.15) I 81.5 
1- 9....} 213 |24.02>} A |S9.9 
_ oe ee 92 |10.78 








A score was obtained fora given family by wide range of wealth differences from zero 





to over 400 points; (2) the great majority 


clustering around the lower end of the scale, 
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indicating widespread poverty (note that 81 
percent of the families have scores below 
what we have tentatively designated as a 
minimum for decent subsistence) ; (3) the 92 
families having a zero score, and (4) the 
manner in which, from the distribution of 
the scores, the families fall into distinct 
economic groups. Eighty-one percent of the 
families are in the lowest group (point score 
0-39); 13.9 percent are in the middle group 
(40-99); and 4.4 percent are in the upper 
group (100-407.4). The lowest group can be 
broken down into two subgroups, from 0-19 
and 20-39, which we shall call I-A and I-B, 
respectively. The middle group will be re- 
ferred to as Group II, and the upper group 
as III-A (100-159) and III-B (160 and 
over). 

To test the validity of our groupings we 
asked ten informants to name the ten 


wealthiest families in the village. All those 
named were in our top group. Another way 
in which we checked our scale was to present 
names selected from each of the economic 


levels of the scale and ask informants to 
rank them according to their wealth. Again 
we found a very high correlation. 


What are the characteristics of each of 
these economic groups? First let us consider 
the families with zero scores. For the most 
part they are either young married men, 
most of whom live with their parents, who 
also have low scores; or they are widows or 
old men, many of whom live alone. One- 
third of this group are women, who manage 
to earn a living by small-scale trade and by 
doing odd jobs. 

Group I-A, which consists of 511 families 
with scores from zero to 19, contains 97 per- 
cent of the landless people in the village. 
Three hundred fifty-four, or 70 percent, of 
the families in this group have zero score for 
land. How do these landless people live? 
Approximately one-third depend upon éla- 
colol, but all depend upon a variety of activi- 
ties which together provide only a meager 
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income. Thus, many burn charcoal, sell 
wood, work as peons, are small traders, or 
have some other part-time occupation. They 
have some measure of security in that most 
of them own their houses and house sites or 
will inherit them. About one-fourth of them 
plant some corn around their houses and 
about 40 percent have some income from 
plum trees. About one-third have hogs. Less 
than one-third own a mule, horse, or don- 
key, which are so essential for work and 
transportation. 

The families in Group II include most of 
the artisans and merchants as well as better- 
to-do farmers. The former are the most ac- 
culturated group in the village. They are 
the ones who wear store clothes, who send 
their children out of Tepoztlin to high 
school, and who generally have a higher 
standard of living. 

Group III consists of 38 families, all of 
whom have high scores on land or cattle or 
both. About one-half of these families have 
inherited their land from wealthy relatives 
who before the revulution were caciques and 
dominated the village. The other half have 
worked their way up to their present posi- 
tion. 

One might ask whether there is any rela- 
tionship between position on this scale and 
standard of living. Do the wealthiest people 
have the highest standard of living? This 
cannot be answered categorically. On the 
whole, the people in Group III consume 
more meat, milk, eggs, and bread, and they 
generally live in better-constructed and bet- 
ter-furnished houses, some of which have 
running water. However, they are not the 
ones who go in for modern dress or any 
ostentatious spending for comforts or luxu- 
ries. They are a hard-working people and 
not a leisure class. One of the distinguishing 
characteristics of this group is that they 
generally have hired men all year around, 
but, with the exception of two men, they 
work side by side with their peons. 

What is the relationship between 
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wealth and the acoption of new traits? The 
Mexican census of 1940 inciuded three in- 
teresting items which provide us with some 
data on acculturation in relation to standard 
of living. The questions were: Do you eat 
bread (as against tortillas)? Do you wear 
shoes (or go barefoot or wear huaraches)? 
Do you sleep on a bed or a cot (or sleep on 
the ground or on a tepexco—a raised frame 
upon which the petate is placed)? 

From a special tabulation of the census of 
Tepoztlan, we were able to correlate the 
responses to these questions with the family 
position on the economic scale. The results 
are shown in Table 4. 

It is clear that eating bread correlates 
positively with economic position. Thus 23 
percent of the people in Group I-A as com- 
pared with 57 percent of the people in Group 
IlI-B ate bread. Furthermore, we know 
from our observation that the wealthier 
people eat bread more often and in greater 
quantities. The point is that bread is still a 
luxury item in this village. 

Wearing shoes and sleeping in beds do not 
correlate with wealth, but rather with age. 








TABLE 4 
Percent 
Percent Percent kn el 
Group = hey ba — 00 bed of 
PAG wesw saniewee 23.20 6.46 14.12 
TB Sea csis iene es 32.30 6.78 23.18 
, ey 50.82 12.06 30.71 
| LC, SR rege 41.55 7.14 21.42 
[1 | a a 57.69 Oakes 16.66 
Tepoztl4n asa 
WHE. eccccscacd O4s80 7.41 19.29 














That is, the older people, whether rich or 
poor, prefer to use huaraches or go barefoot 
and to sleep on the traditional petate or on a 
raised tepexco. We have here a nice example 
of the factor of selectivity in the adoption of 
new traits. Familics who do not use shoes 
or beds will often buy sewing machines. For 
example, whereas only 6 percent of Group 
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IIT use shoes, 70 percent own sewing ma- 
chines. 

It should be noted that a larger percent- 
age of the middle group—Croup II—have 
adopted new traits, even though their eco- 
nomic resources are less than those of Group 
IT. 

There remains only for us to discuss the 
age factor in relation to position on this 
scale. Table 5 shows the frequency distribu- 


TABLE 5 


AGE DISTRIBUTION OF HEADS OF FAMILIES BY 
Economic Group 














Group | ayes. | “yrs, | yn | yrs. | Total 
ere | 31 | 31 | 18 | 12 | 92 
LA. 63 | 194 | 132 | 30 | 419 
LB.. 6 | 88 | 77 | 14 | 185 
a 3 | 46 | 52 | 18 | 119 
III-A 0} 9] 15 | 1 | 25 
III-B Ob. & 1d. Ta 

Total......| 103 | 369 | 305 | 76 | 853 




















tion of the age of heads of families by eco- 
nomic categories. 

It is apparent that there are no younger 
people in the upper group and very few 
in the middle group. The bulk of the 
younger people are at the low end of the 
scale. Conversely, the wealthiest are of an 
advanced age, mostly between fifty and 
sixty-nine years of age. Forty-one percent 
of the heads of families over age fifty are in 
Group 1; 59 percent are in Group II; and 74 
percent are in Group III. But while there is 
a positive correlation between wealth and 
old age, the converse is not true. The fact 
that 41 percent of the older people are in 
Group I shows that vertical mobility is quite 
limited. The practice of not dividing up the 
property until the death of the parents often 
results in adult married sons with as many 
as five children being entirely landless and 
without a house. 

Our point scale, although not a refined 
statistical instrument, has revealed a much 
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wider range and a less equal distribution of 
wealth than one might anticipate for a com- 
munity of this type. With this scale we can 
determine the relative economic status of 
every family in the village. We are therefore 
in a position to study such things as leader- 
ship, marriage, the_compadre system, and 
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standard of living in relation to economic 
status. We believe that if a similar scale were 
used in studies of other societies, adapted to 
local conditions as necessary, we should 
have a much better basis for comparative 
analysis of the role and distribution of 
wealth. 





THE SHELL 


In my hands are the lives of millions— 


Never forget that; 


O you who hug the earth: beneath my whisper 


In the stark night, 


Know that I am pain and death, 

Madness and fear unending; 

You who shudder in the hollows, 

In the dugouts, the foxholes, and under cliffs of earth, 


Remember me: 
I will find you out... 


And all the bright hopes of man, 
The memories, desires, plans, the thousands of words— 


Will fade in my whisper 
Thal grows to a shout, 


That crashes and overthrows 


Man's world. 





X-RAYING THE PERSONALITY: AN INTERPRETATIVE 
EVALUATION OF TWO PROJECTION TECHNIQUES 


By LOUIS WEKSTEIN 
Dr. Wekstein (D.Sc., Portia College) is Professor cf Psychology at Calvin Coolidge College, 
Boston, and a consultant psychologist in the city of Boston. He is also engaged in applying 
the projection techniques in psychosomatic research at the Massachusetts General Hos pital. 
After graduating from Harvard he was a pianist and writer before returning to psychology. 


OR many years the clinical psy- 
chologist has gazed with undisguised 
awe and envy at that highly prized 
instrument of the physician, the X-ray. 
True, the psychologist did have at his dis- 
posal a number of instruments for arriving at 
a diagnosis of the personality, but these tech- 
niques lacked the well-defined clearness, the 
depth, that is associated with the all-powerful 
X ray. 
~ alligence tests such as the Stanford- 
E: . and especially the Wechsler-Bellevue, 
can yield fruitful information about the per- 
sonality structure in addition to the intel- 
lectual status—the I.Q. score—when they are 
administered and interpreted by a competent 
psychologist. Personality inventories, apti- 
tude tests, association tests, and interviews 
serve to supplement the data secured from 
intelligence tests. 

Nevertheless, the thoughtful psychologist 
occupied with diagnosis has felt, and rightly 
so, that none of the above methods gives 
a clear, integrated picture of the total per- 
sonality, that none of the above techniques 
is sufficiently penetrating, either individually 
or collectively, to take into account the 
numerous factors involved in the subject’s 
mode of perceiving. 

The central core of the perceptual process 
is meaning, and it is vital for the psychologist 
to ascertain the individual’s meanings, his 
way of seeing life, his modes of reacting 
to reality, his emotional life, and the strength 
of his drives and needs. 

In short, it is the purpose of the psy- 
chologist to study and evaluate the dynamic 
interplay of forces operating in the indi- 


vidual. Moreover, he must accomplish this 
purpose in the shortest possible period of 
time. The average person who presents 
himself for personality evaluation for one 
reason or another has neither the time nor 
the financial resources for extended obser- 
vation. Also, the time the psychologist is 
able to spend with each subject is limited. 

Unfortunately, the standardized tests men- 
tioned do not meet the above requirements. 
It has been found only too often, after spend- 
ing two to three hours administering in- 
telligence tests, personality inventories, and 
aptitude tests, that relatively little truly 
significant material has been revealed about 
the subject. 

For example, the tests may reveal that 
the subject is superior in intelligence; that 
his reasoning and language ability are good; 
that his rote and logical memory are on a 
high level; that he is more successful on 
verbal than perfermance portions of the 
scale; that he is extroverted, inclined to be 
ascendant, cooperative and pleasant in his 
manner and speech; and that he has many 
theoretical interests. Despite this description, 
we know precious little about this subject. 
He might be a happily married, kind, and 
moderately successful businessman, he might 
be a university professor of chemistry, an 
avid reader of Tue Screntir1c MONTHLY, or 
he might be a maladjusted and dangerous 
killer. 

Only by eliciting a more comprehensive 
imprint, only by the inclusion of a greater 
number of facets and nuances of the person- 
ality structure, can our subject with the 
superior intelligence be understood as a 
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living, adjusting, striving, reacting organism. 

During the past two decades, psychologists 
have been turning in increasing numbers 
to research toward just such an end, and 
a number of tests designated as projection 
techniques have come into use. Some of 
these tests have been so effective in yielding 
fruitful clinical data and so valuable in 
revealing the inner structure of the person- 
ality that they might well be referred to 
as X-ray techniques. Today every mental in- 
stitution, guidance center, and clinic worthy 
of the name makes use of these tests. Schools, 
colleges, the armed forces, and numerous 
progressive organizations that find it neces- 
sary to evaluate personalities have followed 
suit. 

Projective methods of examination are 
quite unique. The subject is confronted 
with an unstructured test situation. The 
term “unstructured” refers to the fact that 
the materials utilized in the test situation 
and their relationship are not strictly defined. 

The subject is instructed to follow his own 
inclinations in responding to the stimulus 
material. He is thus free to handle and to 
interpret the situation in any way that he 
wishes. He is free to organize the material 
as it would please him. There is no “right” 
answer. No two subjects organize the test ma- 
terial in precisely the same manner because 
there are no two identical personalities. Each 
subject projects his own individual picture, 
his own individual X-ray. 

It is both interesting and instructive to 
contrast projection methods with those fol- 
lowed in intelligence tests. In the intelli- 
gence test the subject is given little or no 
leeway. He is expected to react to the stim- 
ulus material in one way—the prescribed, 
correct way. The test situation is thus struc- 
tured. The standardized tests, as L. K. Frank 
points out, rate the individual in terms of 
how nearly he approximates to the acceptance 
and use of culturally described patterns of 
belief, action, and speech. 

The projection techniques, on the other 
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hand, offer the subject a plastic medium, 
a film, so to speak, on which he can project 
his mode of perceiving, his meanings and 
feelings. The imprint that the subject leaves 
on this film is an X-ray which the psy- 
chologist can interpret. 

This discussion will be limited to a de- 
scriptive evaluation of two of the most val- 
uable projection techniques in general use 
today, the Rorschach Ink-blot Test and the 
Thematic Apperception Test. 


THE Rorschach test takes it name from 
its creator, Hermann Rorschach, a brilliant 
Swiss psychiatrist and research scientist. 
The test was the result of ten years of 
experimentation on his part. The stimulus 
material of this diagnostic procedure—the 
“film”’—consists of ten ink blots that were 
selected from thousands of trial blots. 
In five of the blots, colored ink is used in 
addition to black ink. 

These ink-blot cards were originally pub- 
lished as part of Psychodiagnostics, Rors- 
chach’s monumental contribution to psy- 
chology. Rorschach considered Psychodiag- 
nostics as merely a preliminary outline of his 
thesis. Unfortunately, his premature death 
at the age of thirty-seven interrupted his 
amazing researches. His colleagues in every 
part of the world, however, continued his 
work, amplifying it and filling in gaps. 

Dr. Nolan D. C. Lewis, Director of the 
New York State Psychiatric Institute, writes 
as follows in a brief preface to Klopfer and 
Kelley’s The Rorschach Technique: 


The Rorschach method is remarkably effective in 
estimating the intellectual status of an individual; 
in revealing the richness or poverty of his psychic 
experience; in making known his present inood, and 
in showing the extent of his intuitive ability as well 
as in disclosing his special talents and aptitudes. 
By virtue of its unique function in these areas, the 
value of the technique is becoming increasingly 
clear to psychologists in social service work, per- 
sonnel administration and vocational guidance. 

In psychiatry, the validity of the method as a 
diagnostic instrument has been established. It 











points the way to new understanding of mental 
disorders and it has gained a reputation for 
its service in identifying borderline cases and in 
differentiating among psychoses, neuroses and 
organic brain disorders. Because the method differ- 
entiates reliably between normal groups with 
varying personality traits and subjects with mental 
disorders, it is finding a use in the U.S., Canadian, 
British and German armed forces for the detection 
of the unfit. Here as elsewhere it detects anxieties, 
phobias and sex disturbances, as well as more severe 
disorders and serves as a guide for appropriate 
treatment. . . .The limits of the research possibilities 
of the Rorschach method are not yet in sight. 


The test is administered in the following 
manner: The subject is comfortably seated 
at a table or desk with the psychologist 
seated a bit behind. This arrangement 
makes the subject less aware of the psycholo- 
gist, who is to be a witness to these pro- 
jections. It should be mentioned that in 
certain cases, however, it is necessary to 
face the subject to secure the best results. 

As the next step in administration, some 
psychologists simply hand the subject the 
first ink blot and ask, ‘“‘What do you see 
here?” 

Whether this direct technique should be 
followed or whether a few words of expla- 
nation are in order again depends on the 
subject. A curious or an insecure, inhibited 
person may require encouragement as well 
as explanation. I have found that resistance 
can be easily overcome in such subjects 
by the use of a short preface such as this: 


You’ve probably played with ink blots as a child. 
You drop ink on a paper and then you fold the paper 
and squeeze. That’s how this test was constructed. 
The blots were specially chosen from thousands of 
trials. Now I’m going to have you look at ten such 
blots one by one and I want you to tell me what you 
see, what each blot means to you. There is no right 
or wrong, so you can feel perfectly at ease. This will 
give me a good idea of your imagination. 


Even if no reference to imagination is 
made, subjects invariably regard the test 
as an investigation of fantasy. As Rorschach 
has pointed out, this does not affect the 
outcome of the test. Those subjects who 
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are not imaginative cannot become imagi- 
native because they believe the test to be 
one of fantasy. Those who are imaginative 
prove it. Actually, the interpretation of the 
ink-blot configurations falls in the field of 
perception rather than imagination: there- 
fore, whether the individual be imaginative 
or be lacking in imagination means little, 
and those subjects who may be lacking in fan- 
tasy reveal the inner structure of their person- 
alities just as clearly through their projec- 
tions—through their perceiving powers— 
as those with a rich fantasy life. 

The Rorschach test is unquestionably 
the most complicated test in the field of 
clinical psychology. To the layman and the 
novice, scoring elements appear particularly 
invol\ed and confusing. Actually the admin- 
istration of the test takes between thirty 
minutes to an hour in most cases. The 
interpretaticn of the data, of the “X-ray,” 
may require a full day’s concentration. Ob- 
viously, the Rorschach interpreter must be 
extremely well versed in psychopathology. 

The psychologist, after handing the ink- 
blot card to the subject, notes the time re- 
quired for the subject to give the first 
response to each card. How long it takes 
the subject to give his first response is 
quite significant in that his reaction time 
to cards with color and shading can be 
compared with those cards that are achro- 
matic and have little shading. 

Every response that the subject gives 
to the ten cards is carefully recorded. Few 
responses, many responses, or failure to 
respond to one or more of the cards is of 
diagnostic significance. 

Psychoneurotics present different patterns 
of responses than schizophrenics or normals. 
Extroverted people respond quite differently 
than rigidly repressed introverts. For exam- 
ple, one subject may describe Card I asa 
huge bat, another may notice a veiled human 
figure where the first saw the body of the 
bat, and toa third subject the card may rep- 
resent two Teutonic knights about to swoop 








136 


down on a knave with upraised hands. How 
are such responses evaluated and differen- 
tiated from one another? What diagnestic 
significance can be attached to the incidence 
of a particular type of response? 

Three categories operate in analyzing a 
response: the location, the content, and the 
determinant. Every scorable response must 
have a location, a content, and a deter- 
minant. The relationship of the various cate- 
gories is carefully studied, and their ratio 
is represented mathematically. The location 
and content of the response are relatively 
easy to ascertain, although the determinant 
may prove more difficult. These categcries 
will be considered in their order. 

The location refers to that portion of the 
ink blot that the subject has selected for his 
interpretation. Letters of the alphabet have 
been designated to symbolize the type of 
location response. If a subject uses the 
entire blot, it is scored as a whole response, W. 
If a large or frequently seen, obvious por- 
tion is selected, it is scored as a detail re- 
sponse, D. If a small, unusual, or rarely 
seen portion of the blot is chosen for the an- 
swer, it is scored Dd. If the subject chooses 
a white space rather than black or colored 
portions of the blot, the response is scored 
for space, S. 

The absolute number of W, D, Dd, and S 
is not so important as their ratio to one 
another. W represents the tendency to or- 
ganize and involves integrative ability. Sub- 
jects who are intelligent are able to produce 
more than seven good W’s. The feeble- 
minded give few W responses, as do sub- 
jects who suffer from mental deterioration. 
W then is an indication of the theoreti- 
cal, of the abstract, the orginal, and the 
creative tendencies. Many W’s are found 
in the protocols of talented subjects. It 
should be noted that there can be poor 
W’s—W’s poorly perceived. Confabulated 
W’s may indicate mental illness. The good W 
must have clearly perceived form accompa- 
niment. 


THE SCIENTIFIC MONTHLY 


The D responses are most frequent. 
They represent the common-sense, realistic 
element and are a sign of practicality. 
People who give a preponderance of D’s 
(in relation to W’s and Da’s) are reproductive 
rather than productive. They are down-to- 
earth people who see the obvious and are 
not particularly concerned with theory. 

Preoccupation with rare, unusual details— 
the Dd’s—speaks for itself. Such subjects 
are very meticulous and precise. They are 
absorbed by the minute. In the extreme, 
such a person would be a faultfinder, a nag- 
ger, a precisionist. 

S responses indicate oppositional tenden- 
cies. These tendencies may be expressed 
against the milieu or directed to the self. 
This negativism may be emctional or 
intellectual. Other factors in the test must 
be considered before the S response can be 
truly evaluated. 

Rorschach considered a distribution of 
approximately 25 percent W’s to 65 percent 
D’s to 10 percent Dd’s and S’s as optimal. 
However, it must be emphasized from the 
gestalt point of view that all the factors 
involved must be considered in relation to 
one another. The parts cannot be divorced 
from the whole, and there are many ex- 
ceptions to this optimal distribution. 

It is obvious, then, that a well-adapted, 
intelligent person will give a good ratio of 
W, D, and Dd responses. An individual with 
a huge preponderance of W’s, with few D’s 
and Dd’s, would be the highly abstract, the- 
oretical type, very impractical, and un- 
interested in anything detailed. The uni- 
versity professor is often caricatured as such 
a type. 

In the schizophrenic personality there is 
frequently an emphasis on W and D2. 
These people do not see the obvious and they 
are ill. 

An overweight of D and Dd, on the other 
hand, although not pathological, indicates 
the very practical realist who runs away 
from theory. Although this may be quite 
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desirable in certain occupations, such people 
find liberal arts courses (especially in 
philosophy) incomprehensible. 

Every response must be scored for content 
in addition to location. Subjects frequently 
see animals, human figures, objects, plants, 
anatomical content, landscape, geological 
content, and clouds in the biots. 

The average subject gives between 35-50 
percent animal responses. Less intelligent 
people with more stereotypy show a higher 
percentage of animal responses. Very imag- 
inative individuals give less than 35 per- 
cent animal responses. Young children and 
older people tend to show high animal per- 
centage. The young and the old are more 
stereotyped. 

Human responses connote an interest in 
fellow beings. Subjects who give more 
human parts than ccmplete figures are 
interested in their fellows, but it is an anxious 
preoccupation. Many anatomical responses 
from an individual who is not a physician 
(and even in the cases of some physicians) 
indicate hypochondriasis. 

The third category for which each response 
is scored is the determinant. In searching 
for the determinant, the psychologist seeks to 
ascertain what prompted the subject to 
elaborate on a specific blot or portion of a 
blot. What prompted the subject to attach 
significance to this or that part? Four main 
areas operate here: form, movement, color, 
and shading. 

The form, that is, the shape of the blot 
area, may determine the response. For 
example, the subject may give the bat re- 
sponse to Card V, then point spontaneously 
and outline the head and body and wings of 
the bat. Such an answer has clearly been 
determined by the form of the ink blot. 

The problem of the psychologist in scoring 
is to decide whether the form is accurate 
or inaccurate. Both Rorschach and Beck 
feel that if enough subjects see a particular 
design, it is good form (F plus), on a sta- 
tistical basis. If the psychologist is in doubt 





about the accuracy, he may ask the subject 
to elaborate and clarify the response in 
the inquiry that is held subsequent to the 
administration of the test. 

It has been found that form is related 
to emotional control. The higher the F plus 
percentage, the better is the subject’s 
control over his emotions. The subject with 
100 percent F plus has too great a contrel 
over his emotions. He permits them no 
expression. In this group we find the over- 
rational person, the pedant, the restrained, 
the inhibited person, the individual who 
is afraid to permit his feelings any outlet. 
Depressed patients frequently indicate their 
repression and self-restriction by such high 
F plus percentage. In a number of cases, 
brain diseases may be responsible for such 
restriction. The optimal percentage for 
normal subjects has been found to be 80-90 
percent ¥ plus. 

The percentage of good form responses 
has also been found to correlate with in- 
telligence. (It should be noted that the 
intelligence level is not solely determined by 
form percentage, for the number and 
quality of W responses already discussed, 
movement responses, original responses, and 
a variety of other factors are contributory.) 
It has been found, however, that subjects 
below 70 percent F plus are intellectually 
inferior. Morons, imbeciles, paretics, and 
senile dements fall in the 0-60 percent 
F plus level. 

Movement can also be the determinant 
of a response. A response is scored M if 
in addition to form perception there is also 
a kinesthetic element present. The move- 
ment must play a primary role, and an 
actual sensation of motion must be there. 
For example, in Card III, the response 
“Two gentlemen bowing to one another” 
is a movement (MM) response. Frequently 
inquiry is necessary to determine whether 
the response should be scored for movement 
or for form. 

Movement responses of humans in action 
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are definitely related to mental productivity 
and creativity. Mature, creative people of 
good intellectual endowment give five or 
more M’s. Movement, then, is one of the 
signs of intelligence and indicates a re- 
activeness to inner stimuli. 

Since the M responses are a sign of rich 
inner life and the W’s are an indication of 
mental ability and also intellectual ambition, 
it is extremely interesting and important 
to study the relationship of W to M in 
the protocol. This ratio enables the psy- 
chologist to assay the degree of success 
that the subject has in adjusting intellectu- 
ally. For example, if there are three or four 
times as many W’s as M’s, the subject 
does not show sufficient reactiveness to 
inner stimuli to account for his intellectual 
ambitions. On the other hand, an emphasis 
of M’s over W’s would indicate that the 
subject does have the endowment but is 
not utilizing his rich inner life to best 
advantage. Klopfer feels that at least five 
M’s and approximately twice as many W’s 


are optimal. 
Feeble-minded people, schizophrenics, and 
senile dements and other deteriorated 


patients generally give no M’s. At best 
such people cannot give more than one or 
two M’s. (M is also scored plus or minus 
depending on how well the form of the 
movement is seen.) 

A third possible determinant of a response 
is color. Color may be the primary de- 
terminant or it may appear with, and in 
harmony with, form. 

Color responses are representations of the 
affective part of the subject’s personality. 
Just as the form (F) answers denote the 
degree of restriction and inhibition, so the 
color answers denote the degree of emotion- 
ality. Obviously, in the well-adapted, well- 
socialized person there must be a balance 
between form and color. 

Three main types of color responses have 
been differentiated. The first of these is 
color naming without form and is designated 


THE SCIENTIFIC MONTHLY 





C; ie: “That’s blue and that’s red;” 
“Blood;” “Sky.” This type of answer is 
pathological. It is never given by normal 
subjects. C answers are given by impulsive, 
explosive, emotionally uneven and unpre- 
dictable people. 

Responses where the color is the primary 
determinant and the form is secondary 
are termed CF’s. Thus, in these answers 
the form of the blot is not disregarded; 
i.e., “Sunset,” to Card IX. 

Responses where the form is primary 
but the color plays a significant part in 
the concept are termed FC; i.e., ‘“Cater- 
pillars,” for the green figures in Card X, 

The greater the emphasis of FC over CF, 
the better adjusted, the more socialized, 
is the subject. Obviously, the well-integrated 
individual has a good control ever his 
emotions. Responses of the CF variety are 
common for normals and only give cause 
for alarm when they are not balanced by 
a sufficient number of FC’s. 

It is rather interesting to note that 
neurotic subjects show color shock, that is, 
they are affected by the chromatic cards. 
Color shock is measured by such criteria 
as annoyance, confusion, increased reaction 
time, and a number of other signs manifested 
in handling the colored cards. At least 
three criteria should be present before a 
diagnosis of color shock can be made. 

A short time prior to his death, Rorschach 
discovered a fourth determinant, shading. 
Every card has shading elements present 
to a greater or lesser degree. These shading 
nuances, called chiaroscuro, may influence 
the subject in the formation of his concept. 
A chiaroscuro determinant is designated 
as Ch. Again, as with color, three types of 
Ch responses have been differentiated. 

A pure Ch response is a definite indication 
of uncontrolled anxiety. In the CAF response 
the shading determines the answer and the 
form is secondary. Such responses signify 
general insecurity or anxiety of which the 
subject is unaware. 
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In the FCh type of response the subject 
has been primarily influenced by the form, 
but the shading has played a part. Such 
subjects are introversive, cautious, and 
given to introspection and _ self-analysis. 
More than three FCh is a sign of self- 
preoccupation. Shading, then, is an anxiety 
characteristic which may be tempered by 
form. 

The responses are also scored for popu- 
larity and originality. Original responses 
are very rare—one out of a hundred. Only 
intelligent subjects give good O pluses (which 
stand for originality). In attempting to 
evaluate the subject’s ingenuity and intel- 
lectual status, the percentage of O responses 
is considered an important factor. 

Popular responses are those given by many 
subjects. They are a sign of participation, of 
common sense. The normal subject gives a 
number of them. However, just as too many 
original responses would place a_ subject 
apart from this world, too many popular 
responses would signify that he is common- 
place—that he is dull and boring. 

After the subject has responded to all ten 
cards, the psychologist may question him 
about his answers to specific blot areas. This 
inquiry may determine whether a particular 
response should be scored for movement or 
for form, whether color is primary or sec- 
ondary, whether shading is primary to form, 
etc. 

The next step is tabulating each response 
in the three main categories. Thus, the 
response “Two knights sweeping down on a 
knave” would be scored W M H: W because 
the entire blot is used; M because there is 
human action plus form; and H because the 
content is human. 

After each response has been treated in this 
manner the W, D, Dd and S, F, M, C, etc., 
answers are added up and their percentages 
of the total are obtained. 

It must be stressed that no one response 
will determine the diagnosis of the per- 
sonality. The Rorschach expert studies the 


relationship of the responses to one another in 
the total scheme. He is interested in the con- 
figuration. The parts in themselves are mis- 
leading and frequently meaningless. As the 
gestaltists put it, the whole is more than mere 
random parts. It is an integrated cohesive 
totality. It is this dynamic structure that the 
psychologist seeks to assay. 

Just as the physician is frequently called 
upon to reassure a patient who manifests a 
symptom of disease after an evaluation of his 
entire physical condition, so the Rorschach 
interpreter, while noticing signs, comes to no 
conclusions until he has cautiously investi- 
gated the interplay of forces of the per- 
sonality. 

I wish to emphasize most strongly that I 
am fully aware that many if not most of the 
brief statements made with respect to in- 
terpreting a Rorschach protocol require 
qualification and further elaboration. If 
qualification and further elaboration were 
attempted, this discussion would of necessity 
take a form far beyond its intended scope. 
Rorschach literature is already assuming 
voluminous proportions. 

Actually, the Rorschach expert must be a 
psychologist and an experienced clinician as 
well, just as the roentgenologist must be a 
physician with a good background in 
anatomy, physiology, and clinical medicine. 
In the hands of the layman or even the well- 
intentioned amateur the technique is useless. 


ANOTHER type of projection technique has 
been devised by Dr. Henry Murray, Di- 
rector of the Harvard Psychological Clinic. 
This method, known as the Thematic Apper- 
ception Test and familiarly abbreviated 
TAT, has, like the Rorschach, been found to 
be a valuable instrument in revealing an 
intimate picture of the personality within a 
remarkably short time. Most clinical psy- 
chologists find that their Rorschach interpre- 
tation can be confirmed and can also be con- 
siderably enhanced and enriched with the 
administration of the TAT. As Murray 
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points out, the two tests yield complementary 
information. 

The plastic material, the film for the pro- 
jections in the case of the TAT, consists of a 
series of pictures presented singly to the 
subject. The subject is instructed to devise 
stories about the situations and characters 
depicted. 

The value of the test lies in the fact that 
human beings tend to read their own mean- 
ings into the pictures. The subject external- 
izes, projects his own experiences, his own 
feelings and needs, onto the stimulus ma- 
terial. To facilitate the subject’s identifica- 
tion with the characters represented, the 
pictures contain both men and women of 
various ages. 

Murray has aptly expounded on the 
rationale of the test as follows: 


If the pictures are presented as a test of imagi- 
nation, the subject’s interest, together with his 
need for approval, can be so involved in the task 
that he forgets his sensitive self and the necessity of 
defending it against the probings of the examiner, 
and, before he knows it, he has said things about an 
invented character that apply to himself, things 
which he would have been reluctant to confess in 
response to a direct question. As a rule, the subject 
leaves the test happily unaware that he has pre- 
sented the psychologist with what amounts to an 
X-ray picture of his inner self. 


The material of the test consists of two 
sets of ten pictures—twenty pictures in all— 
that were carefully selected because of their 
effectiveness in eliciting material of diagnos- 
tic significance. 

Murray found from experience that the 
stories are more revealing and the validity of 
the interpretations is increased if most of the 
pictures include a person who is of the same 
sex as the subject, although eleven of the 
pictures were found suitable for both male 
and female subjects. 

An hour is devoted to each set. This would 
allot about five minutes per picture. It has 
been deemed advisable to space the two sets 
by a day or more in order not to tire the 
subject. 


V 
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As in every psychometric procedure, the 
subject must be at ease and cocperative in 
order to secure the best results. Since the 
technique is aimed indirectly at eliciting 
vital material, it is the special function of the 
psychologist to establish rapport, a friendly 
relationship with the subject conducive 
toward this aim. 

A brief explanation about the test is 
usually tendered the subject after he has been 
made comfortable, as in the preliminary to 
the Rorschach Test. 

The exact words, Murray feels, should de- 
pend on the age, intelligence, and the cir- 
cumstances of the subject. The following 
instructions from Murray’s TAT Manual 
are generally suitable for most adults of 
normal intelligence. 

This is a test of imagination, one form of in- 
telligence. I am going to show you some pictures, 
one at a time, and your task will be to make up as 
dramatic a story as you can for each. Tell what has 
led up to the event shown in the picture, what the 
characters are thinking about and what emotions 
they are feeling, describe what is happening at the 
moment; and then give the outcome. Speak your 
thoughts as they come to your mind. Do you under- 
stand? You can devote about five minutes to each 
story. Here is the first picture. 


The average length of stories invented by 
adults, presumably if adequate rapport has 
been established, is approximately three 
hundred words. The words of the subject 
should be transcribed, and, although a con- 
cealed recording device is ideal, most psy- 
chologists must of necessity write by hand. 

After the second set of pictures has been 
exhausted in the subsequent session, it has 
been found useful to determine the sources 
for the subject’s narratives. Many of the 
sources lead back to the individual’s past 
and may be important to the problem at 
hand. 

Scoring the TAT is a far less formidable 
undertaking than in the Rorschach, and the 
psychologist is by no means strictly bound to 
Murray’s rather involved scoring technique. 
Murray is not mandatory here and feels 
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that whether analysis should be in accordance 
with a comprehensive conceptual scheme or 
should merely examine a few personality 
/ traits depends on the purpose of the psy- 
chologist in administering the test. 

Although psychologists have abbreviated 
Murray’s scoring, for optimal results it is 
probably best to abide by his analytical and 
scoring techniques. A brief summary of his 
methed follows. 

In analyzing a story the psychologist’s 
first problem is to distinguish the character 
with whom the subject has identified him- 
self. For all practical purposes this character 
is the hero. The characterizaticns of the 
heroes shculd be studied for such traits as 
superiority, inferiority, criminality, solitari- 
ness, belongingness, leadership, and quarrel- 
someness. The subject usually projects him- 
self in the role of hero, and the traits that he 
assigns to the imaginary.character may well 
apply to himself, or he may be describing 
his ego-ideal. 

It is pertinent to observe in the minutest 
detail what each of the successive heroes 
thinks, feels, or does, and here the clinician is 
called upon to draw cn his fund of psycho- 
pathological experience to the fullest in order 
to discern anything that is unusual or 
uncommon. 

Not only is the attitude of the hero im- 
portant, but the entire environmental situa- 
tion must be taken into consideration. In 
other words, all elements which confront the 
heroes, whether they be physical objects or 
human characters, play a part in the sub- 
ject’s projection. The psychologist must 
observe whether other human beings are 
friendly or unfriendly, whether a particular 
sex is preferred, whether older figures are 
preferred over younger ones. 

The strength of the needs that the subject 
ascribes to his leading characters is classified 
by Murray in the following manner: Re- 
sponses are rated from one to five depending 
on the intensity, duration, frequency, and 
importance to the plot. For example, a mild 
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beratement would be scored as one, whereas a 
violent assault would be scored as five. Thus 
the average and the range of variables for 
representative groups could be obtained by 
adding the score of each need for the two sets 
and then combining them to yield a total for 
each separate need. Murray scores for 
twenty-eight needs: i.e., dominance, achieve- 
ment, destruction, sex, etc. 

Since the subject places his chief characters 
in manifold situations during his narrative, 
it is important to the psychologist to deter- 
mine how extreme or how temperate the 
subject is in creating a milieu about his 
heroes. 

Here, too, Murray’s classification of thirty 
kinds of environmental forces and situations 
(press) is utilized. The criteria for scoring 
would again be the intensity, duration, fre- 
quency, and general significance to the plot. 
For example, if the hero is exposed to a rain- 
storm, he is placed in a far less dangerous 
predicament than if he were exposed to a 
tornado at sea, and the psychologist would 
score accordingly. A partial list of press 
follows: affiliation, rejection, physical danger, 
physical injury, etc. 

It is significant to examine the conse- 
quences of the narration. Did the hero 
dominate, or was he dominated? What 
stipulations are there for success and for 
failure? What punishment is meted out for 
transgression? Does the hero feel guilty, 
confess, reform, or does he continue un- 
scathed? What is the relationship of happy 
to unhappy endings? 

The following response taken from H. A. 
Murray’s Explorations in Persenality is 
illustrative of cne type of narrative which the 
test may elicit. In Picture No. 13 of the test a 
boy is depicted huddled against a couch, his 
head bowed on his right arm. An object that 
resembles a revolver lies on the floor. 


Some great trouble has occurred. Someone he 
loved has shot herself. Probably it is his mother. 
She may have done it out of poverty. He, being 
fairly grown-up, sees the misery of it all and would 
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like to shoot himself. But he is young and braces 
up after a while. For some time he lives in misery— 
the first few months thinking of death. 

Here the possible death of the mother appears as 
a determinant of his present pessimism. The story is 
one variety of a large class of complex themes—the 
Tragic Love theme. 


The subject who gave this response, a 
Ph.D. candidate, had suffered great hard- 
ships in his childhood and, in commenting on 
his narrative, acknowledged that it was de- 
rived from his past and that he had feared his 
mother might kill herself because of her 
struggles against seemingly insurmountable 
poverty. 

In summary, both of the investigational 
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methods presented here offer relatively 
plastic fields with unstructured or loosely 
structured situations. Despite the artifi- 
ciality of asking an individual what ink blots 
mean to him or to devise a narrative about a 
picture, both tests are potent instruments in 
exposing underlying factors and influences of 
the subject’s private world. These techniques 
do not exhaust the possibilities for exploring 
the personality by any means. The develop- 
ment of new tests and the elaboration and 
improvement in interpretation of the two 
tests described may still be regarded as mere 
beginnings in the ambitious attempt on the 
part of the psychologist to catch an imprint 
of the personality. 
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COPPER RESOURCES OF THE UNITED STATES 


By BENJAMIN MOULTON 


Professor Moulton expects soon to receive his Ph.D. from Indiana University. He is now 
Assistant Professor of Geography at the Flerida State College for Women, Tallahassee. His 
primary interest is in climatology. 


HE United States is unique in her 
position as major producer and 
major consumer in the world copper 
market. American interests control 68 per- 
cent of the copper industry of the world as 
well as a large share of the world’s reserves. 
Normally, the United States produces annu- 
ally about one-half of the world’s copper, 
consumes somewhat less than half, and con- 
trols two-thirds of the production beyond 
the national boundaries in the Western 
Hemisphere. A brief analysis of these out- 
standing facts and their causes follows. 
The physical properties of copper that 
enable it to be widely used are: 


. High electrical conductivity. 
. High heat conductivity. 

. Ductility. 

. Malleability. 

. Noncorrosive qualities. 

. Alloying qualities. 
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These qualities give to the electrical and 
machine industries a metal that meets most 
of their requirements. Copper is also avail- 
able in quantities that make it economical 
for a wide variety of purposes. 

The United States deposits are wide- 
spread, although the most important pro- 
ducers are located in the Western states. 
Arizona leads, with mines at Morenci, War- 




















FIG. 1. THE LOCATION OF THE LEADING PRODUCERS OF COPPER IN THE U. S. 


BLACK DOTS INDICATE MINES PRODUCING 10,000 OR MORE SHORT TONS OF METALLIC COPPER PER YEAR IN 1943. 
TRIANGLES INDICATE LESS IMPORTANT PRODUCERS. INFORMATION FROM The Minerals Yearbook, 1943. 
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ren, Globe-Miami, Ray, Ajo, Jerome, and 
Superior. These seven districts produce 98 
percent of Arizona copper, Morenci being 
the leading producer. Since 1845 about one- 
third of the copper produced in the United 
States has come from Arizona. 

Utah is the next largest producer of cop- 
per today; the important mines are all 
located in the Bingham district. These de- 


SECONDARY COPPER 


PRODUCTION IN THE 
UNITED STATES 


Thousands of Toes 
1924-1943 
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FIG. 2. SECONDARY COPPER OUTPUT 


DATA DERIVED FROM NEWTON AND WILSON AND FROM 
The Minerals Yearbook OF VARIOUS DATES. 


posits also yield large quantities of gold, 
silver, lead, and zinc as well as copper and 
molybdenum. The Utah Copper Mine is the 
second largest in the world, Chuquicamata, 
of Chile, alone exceeding it in reserves. 

Montana is ordinarily third in copper 
production for the United States; a single 
mine in the Butte district produces more 


THE SCIENTIFIC MONTHLY 


copper than any other mine in the United 
States. 

The locations of the principal districts in 
this country are shown in Figure 1. Those 
producing more than 10,000 short tons of 
metallic copper are indicated by circles; 
those producing less, by triangles. During 
the war many minor producers came into 
operation. 

Copper in the United States occurs, for 
the most part, in five forms—oxides, sul- 
phides, silicates, carbonates, and metallic 
copper. The only metallic copper deposit of 
any importance is in Michigan; this de- 
posit is becoming less accessible with the 
increasing depth of the mine. 

An association of minerals is often charac- 
teristic of the copper deposits of the western 
United States, silver, gold, zinc, and lead 
often being obtained as by-products. The 
accessory minerals are not so important to 
the copper mining industry as a whole as to 
the individual mine, whose profits may de- 
pend upon them. Nevertheless, the signif- 
cance of these associated minerals should 
not be overlooked. 

The United States copper ores are low- 
grade, often far lower than those in other 
areas of the world—particularly Chile and 
Katanga-Rhodesia, whose ores average 2-4 
percent copper. The characteristically low- 
grade ores have necessitated the construc- 
tion of concentration mills at the mines, and 
nearly all copper is concentrated at the pro- 
ducing area. 


Ir A map showing the location of the 
copper-mining areas of the world outside the 
United States proper were analyzed, it 
would be evident that the producing areas 
are in general quite remote from the con- 
suming areas. Not only are they remote, but 
they are characteristically in geographically 
unfavorable areas, such as deserts or moun- 
tains. Such unsatisfactory geographic con- 
ditions have necessitated large expenditures 
for construction, maintenance, and trans- 





COPPER RESOURCES OF THE UNITED STATES 














24 25 26 27 28 29 30 31 32 33 34 35 3637 38 39 40 41 424344 45 








FIG. 3. COPPER PRODUCTION IN THE UNITED STATES, 1924-1945 


DATA, IN MILLIONS OF POUNDS, FROM VARIOUS SOURCES; THAT FOR 1944 AND 1945 FROM Current Business. 


portation. Outstanding examples of local- 
ities that export most of their copper are 
Chile and Katanga-Rhodesia. 

Smelters are located in the producing area 
only if it is a large one, since smelters require 
a considerable financial outlay and are 
therefore constructed only where production 
over a long period of time makes smelting 
profitable. 

Copper refineries, in addition to being 
located in regions that will insure an ade- 
quate supply of raw material over a long 
period of time, are found in two types of 
sharply differentiated areas. The older cop- 
per refineries were located in the consuming 
areas. A map showing copper refineries will 


reveal a cluster in the eastern United States, 
Belgium, Germany, and Great Britain. 
Other refineries are located in areas having 
ample amounts of available water power. 
Thus, there are refineries at Chuquicamata 
and Potrerillos, Chile, as well as at Tacoma, 
Wash., and Great Falls, Mont. 

The concentration of refineries in the 
eastern United States (eight out of the 
eleven United States refineries being located 
east of the Mississippi) has resulted in a 
high degree of control by American financial 
interests over the copper industry. Much of 
the foreign ore brought to the United States 
is refined here and shipped without tariff 
payments. The amount of foreign ore 
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FIG. 4. U. S. OUTPUT AND RESERVES 


IN MILLIONS OF POUNDS: 1. PRODUCTION, 1845-1943, 

61,290; 2. RESERVES, 48,017; 3. PRODUCTION, 1945, 

1,683. FROM The Minerals Yearbook, NEWTON AND 
WILSON, AND Current Business, 


shipped to the United States is not large, 
however, and in prewar days most copper 
from foreign sources such as Chile was 
shipped to northwestern Europe. 

The consuming centers for copper are 
near the group of older refineries, the largest 
centers being in northeastern United States 
and northwestern Europe. These consuming 
centers are near areas of machine and in- 
strument manufacture, and a brief study of 
the major uses of copper would show that 
the greatest users of copper are the electrical 
and automobile industries. 

The status of the copper industry in the 
United States is depicted by the four graphs 
(Figs. 2, 3,4, and 5). An analysis of these 
diagrams and their relative values may 
give a clearer picture of the copper in- 
dustry of the United States. In an age when 


many mineral supplies are being depleted, 
the conservationist looks carefully at all 
mineral resources, including copper. 

Unlike many minerals, copper has a 
rather high junk or scrap-recovery rate. 
Metal so recovered is classified as “sec- 
ondary copper,” in contrast to the new 
metal from ores, which is classified as 
“primary copper.” 

In many cases secondary copper is pre- 
ferred since it actually represents a high 
copper content material to work with com- 
pared to copper ore, although more care 
must be taken in refining to break down any 
alloys that may be present. 

The importance of secondary copper in 
the United States is indicated by Figure 2. 
Ordinarily, the amount of secondary copper 
produced is about one-half that of primary 
copper. In times of poor primary copper 
production, there are correspondingly 
poor years of secondary production (Figs. 
2and 3). Likewise, in good years when the 
demand for copper is high, both production 
and prices rise. During these times the 
salvaging of secondary copper is economi- 
cally advantageous and recovery increases. 
The recent trend toward the use of sec- 
ondary copper is the result of war de- 
mands, but figures for earlier years reveal 
that there has been a wide variation in 
the amount of secondary copper used. 
The graph does illustrate clearly that the 
amount of secondary copper available is 
large when the demand is present. In 
any analysis of the status of the United 
States copper industry, it would be wise to 
recognize that there is a large but undeter- 
mined amount of secondary copper in 
reserve. An estimate would perhzps piace 
secondary copper reserves available 30 
years from now at about 200,000 million 
pounds. 

Primary copper production in the United 
States is illustrated by Figure 3. The 
highest production was in 1943, and the 
largest monthly production was in March 
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FIG. 5. COPPER PRODUCTION AND RESERVES OF THE WORLD 


IN MILLIONS OF POUNDS: 1. PRODUCTION, 1801-1940, 126,775; 2. RESERVES, 219,109; 3. pRopUcTION, 1938, 
4,367. DATA OBTAINED FROM The Minerals Yearbook AND NEWTON AND WILSON. 


1943, when over 200 million pounds came 
from the smelters. Production decreased 
after that date as a result of— 


1. Decreased labor supply caused by the drafting 
of men. 

2. Increased use of secondary copper representing 
high ore value. 

3. Stock-pile accumulations of the past three years. 

4. Diversion of Chilean copper to the United States 
rather than to European markets. 


The copper production of the United 
States is subject to wide fluctuations, de- 
pending upon world economic conditions. 
In poor years only about one-tenth of the 
normal supply of primary copper is pro- 
duced. 

These two types of copper (primary and 
secondary) indicate how much and to what 
extent copper is being produced in this 
country for domestic and export use. If one 
is to make a satisfactory analysis of the 
status and probable endurance, these two 
items must be evaluated in relation to 
reserves. Figure 4 indicates the production 
of smelter copper in the United States. 
Item 1 of the figure indicates total pro- 


duction of primary copper from 1845 to 
1943 and represents about one-fifth more 
than the estimated reserves in the United 
States based on grade ores now being used. 
Item 3 indicates the production in 1945. 
At the present rate of production, the re- 
serves would last about 30 years if second- 
ary copper were not used and normal trade 
were carried on. At the rate copper was 
produced in 1933, the reserves would last 
120 years. The table reveals clearly that our 
estimated reserves are less than our pro- 
duction so far. With estimated uses of 
secondary copper and our present rate of 
consumption, our copper supply could last 
about 160 years at 1943 production rates. 

Figure 5 indicates similar statistics for 
the world. The remarkable feature of this 
graph in comparison with the preceding 
one is that the world reserves are much 
greater than production. This, of course, 
is due to the greater usage of metals in 
the highly mechanized and industrialized 
United States and to the fact that the 
United States exports about 20 percent of 
her annual copper production. 





SCIENTISTS AND SOCIAL RESPONSIBILITY* 


By P. W. BRIDGMAN 


Dr. Bridgman (Ph.D., Harvard, 1908) has been Hollis Professor of Mathematics and 

Natural Philosophy at Harvard since 1926 and has been in the Physics Department there 

for nearly four decades. He is well known for his experimental investigation of various 
physical effects of high pressures. In 1946 he received the Nobel Prize for physics. 


HE topic proposed for this sym- 

posium, “How far can scientific 

method determine the ends for 
which scientific discoveries are used?” 
is obviously of much generality and also, 
I am told, of an intentional vagueness. The 
general background of the topic is plain 
enough; the topic has evidently been sug- 
gested by the present atmosphere through 
which society is looking at science, inspired 
by the preponderating role of invention and 
the applications of scientific discoveries in 
the late war, culminating in the atomic 
bomb. Not only is the general public be- 
coming increasingly conscious of the impact 
of science on the whole social structure, but 
the scientist has himself in the interval 
since Hiroshima displayed a noteworthy 
concern with the social effects of his dis- 
coverics. This has resulted in the formation 
of societies of scientists dedicated to con- 
trolling as far as possible some of the as- 
spects of scientific discoveries. There is 
growing up among scientists a more or less 
articulate philosophy of what the relation 
should be between science and society as a 
whole. It seems to me that it is a matter of 
the greatest importance what this phil- 
osophy is, and that it may well be deter- 
minative of the future course of civiliza- 
tion. 


* This article and the one following are based 
on papers presented at a symposium on “How Far 
Can Scientific Method Determine the Ends for 
Which Scientific Discoveries are Used?” at the 
annual meeting of the A.A.A.S., Boston, December 
1946, in a joint session of Sections K and L and the 
American Philosophical Association. 
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There are, I think, unfortunate features 
in the present trend of this philosophy, and 
I should like to devote part of this discussion 
to them. This will involve giving a rather 
broad and liberal interpretation to our 
topic. I would in any event be constrained 
to place a liberal interpretation on it, 
because it is my feeling that the “scientific 
method,” in the narrow sense in which 
scientific method is often understood, does 
not have a very immediate application to 
determining the ends for which scientific 
discoveries are used. I like to say that there 
is no scientific method as such, but rather 
only the free and utmost use of intelligence. 
In certain fields of application, such as the 
so-called natural sciences, the free and ut- 
most use of intelligence particularizes itself 
into what is popularly called the scientific 
method. From this point of view I should 
like to rephrase the topic for discussion 
to read “‘What is the most intelligent way 
of dealing with the uses of scientific dis- 
coveries?” A discussion from this broad 
point of view will necessarily involve aspects 
of social philosophy, and in particular the 
philosophy of the relation of science to 
society. 

The detailed discussion might well start 
with such questions as: How far is it de- 
sirable that scientific discoveries be con- 
trolled? or, What “ought” to be the attitude 
of the scientist toward his own discoveries? 
No discussion along these lines will get very 
far before the word “responsibility” occurs. 
Let us examine the implications of this 
word. It is frequently stated that science is 
responsible for the uses made of scientific 
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discoveries. This is obviously a highly ab- 
stract statement. The meaning must be that 
scienlis!s are responsible for the uses made 
of scientific discoveries. But even this is so 
general as to have little meaning. Does it 
mean that scientists as a group are responsi- 
ble? But what is responsibility that it can 
pertain to a group? Here we begin to en- 
counter shades of meaning and ambiguities 
in the word responsibility itself. A few 
people apparently use the word in a purely 
factual sense with no further connotations. 
Frem this point of view it can certainly be 
said that scientists are ‘‘responsible” for the 
uses made of scientific discoveries, for the 
simple reason that the discoveries cannot be 
used until after the discoveries are made, 
and the discoveries are undeniably made by 


scientists. Responsibility in this sense 


merely denotes a link in the causal chain. 
But I believe that this colorless and factual 
use of the word is comparatively rare. The 
more ccnventional usage implies a moral 
obligation and involves a moral condemna- 


ticn if the obligation is not met. To say that 
“scientists are responsible for the uses made 
of scientific discoveries” implies, according 
to what I believe is the usual usage, that 
each and every scientist has a moral obliga- 
tion to see to it that the uses society makes 
of scientific discoveries are beneficent. 
This is getting pretty near home. It means 
that J have a moral obligation, and that if 
I do not meet the obligation I shall be 
dcemed culpable by society and may justi- 
fiably be disciplined. The discipline that 
would be imposed is the natural and ob- 
vious one, namely, loss of scientific freedom. 
This is, I think, the temper of an important 
part of scciety today, and the attitude 
seems to be growing. Furthermore, it is an 
attitude in which a number of scientists, 
particularly those of the younger genera- 
tion, are showing a tendency to concur. 
Any such ccncurrence arises, I believe, 
{rem a failure to realize the larger implica- 
ticns and involves an essentially short-range 
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philosophy of the relation of the individual 
to society. 

I think it is obvious that the thesis that 
the scientist is responsible for the uses made 
of his discoveries must involve the assump- 
tion that there is something special and 
exceptional in the situation. For certainly 
in more common situations individual 
responsibility is not considered to extend 
to all the consequences that may be initiated 
by the act of the individual. The miner of 
iron ore is not expected to see to it that none 
of the scrap iron which may eventually 
result from his labors is sold to the Japanese 
to be used against his country. Such an 
extension of responsibility would be absurd 
because of the impracticality of it, and in 
particular would make impossible that 
specialization and division of labor that is 
one of the foundation stones of our modern 
industrial civilization. Furthermore, it is 
obvious that if such detailed and individual 
responsibility were imposed a certain ideal 
of society implicit in the thinking of many 
of us would have to be abandoned. The 
society of this idealized vision is a society so 
constructed that every individual in it may 
be allowed to strive to choose for his life- 
work what he can do best. Unfortunately, 
society is still tragically far from this ideal 
for the average man, but our departure from 
the ideal arises, not from failure of good 
intentions, but from the practical difficulty 
that we have not yet found a mechanism 
that makes this possible. However, many 
individual scientists, so far as they have 
been allowed to follow the driving force of 
their inner scientific compulsion, have come 
pretty close to this ideal. From the point of 
view of society, the justification for the 
favored position of the scientist is that the 
scientist cannot make his contribution 
unless he is free, and that the value of his 
contribution is worth the price society pays 
for it. The demand that the individual 
scientist be responsible for the uses made 
by society of his discoveries would constitute 
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a repudiation of this ideal. For if I per- 
sonally had to see to it that cnly beneficent 
uses were made of my discoveries, I should 
have to spend my life oscillating between 
some kind of a forecasting bureau, to find 
what might be the uses made of my dis- 
coveries, and lobbying in Washington to 
precure the passage of special legislation to 
ccntrol the uses. In neither of these activities 
do I have any competence, so that my life 
would be embittered and my scientific 
productivity cease. 

The thesis of the responsibility of the 
individual scientist therefore involves a 
repudiaticn of the general ideals of the 
specialization and division of labor, and the 
ideal of, as far as possible, each man to his 
best. This repudiation can be justified only 
by some special feature, and the only 
justification that I can see which is to be 
taken with any seriousness is the thesis 
that scientists are in some special way 
qualified to foresee the uses society will 
make of their discoveries, and to direct and 
ccntrol these uses. This thesis does indeed 
seem to be tacit in much of the popular 
discussion. The question now is whether 
this thesis is true, and, if so, whether it 
constitutes justification for the imposition 
of responsibility. As a physicist with pride 
in my profession, I would naturally be 
loath to admit that a physicist could not 
do a better job than outsiders in controlling 
the uses made of discoveries in physics, but 
nevertheless I think an inspection of such 
activities of physicists as their attempts 
during the last year to get through Congress 
a bill establishing the National Science 
Foundation would show that the batting 
average of even the physicist would pre- 
sumably be so low as to make it unprofitable 
for society to support him in the role of 
prophet and administrator. For of course 
society must recognize that if it imposes 
responsibility on a man it must be prepared 
to support him in the exercise of that 


responsibility. 
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LeaAvinGc further elaboration of this 
question to the tender mercies of others, I 
now address myself to the question of 
whether, even granted that scientists are 
specially qualified to foresee, direct, and 
control the uses made of their discoveries, 
society should therefore hold them respon- 
sible for the uses made of their discoveries? 
I think that the temper of the times is such 
that many people would answer this ques- 
tion with an unqualified yes. Such an an- 
swer implies a social philosophy that has 
been growing rapidly in this country, 
namely, that the community has a right 
to exact disproportionate service from 
special ability. It is epitomized in the Marx- 
ian epigram “From each according to 
his ability, to each according to his need.” 
Three stages of evolution can be recognized 
in the present philosophy of the relation 
of the individual to society. The first 
granted the right of the bright people to 
exploit the stupid ones; the second recog- 
nized the right of everyone to receive from 
society a reward proportional to his contri- 
bution to society; and the third and present 
stage recognizes the right of the stupid 
people to exploit the bright ones. It is 
perhaps obvious that my sympathies are 
with the second, or the median, of these 
three philosophies. The third philosophy, 
insofar as it involves anything beyond the 
more or less disguised willingness of the 
majority to use naked force, is based on a 
metaphysical concept of society as some 
superthing, transcending the individuals 
who compose it. This, to my way of think- 
ing, does not make sense. Society is com- 
posed of you and me; society does not have 
an individuality of its own, but is the ag- 
gregate of what concerns you and me. The 
function of society is expressible in terms 
of its relations to the individuals who com- 
pose it, and any justification for the acts 
made by its members is to be found only in 
the effects of these acts on the members of 
society as individuals. 
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It seems to me that the thesis of the right 
of scciety to exact disprcperticnate service 
from special ability can be analyzed very 
simply. If scciety exacts disprcperticnate 
service, this means that certain individuals 
in scciety, acting in their ccllective capacity, 
are willing to exact disprcpcrticnate ser- 
vice from other individuals. But I, as an 
individual, wculd certainly not presume 
to think of demanding that my neighbor 
give me special service merely because 
nature had endowed him to do the job 
better than I cculd do it myself. The sort 
of thing I am unwilling to doin my individual 
capacity I em also unwilling to do in my 
capacity as a member of a group. Further- 
mcre, it seems to me cnly decent and self- 
respecting fcr me to do my best to see to it 
that the grcup to which I belcng does not 
act in a way in which I as an individual 
wculd nct be willing to act. If every member 
of scciety applied to his social acts the 
same criteria of decency and self-respect 
that he applies to his individual acts, the 
problem of the exacticn by society of dis- 
proporticnate service from special ability 
weuld nct arise. 

The assumpticn of the right of society to 
impcse a respcensibility cn the scientist 
which he does not desire obviously invclves 
acceptance of the third philoscphy, that is, 
the right of the stupid to explcit the bright. 
There are, I believe, specific objections to 
the applicaticn cf this philcscphy in the 
present situaticn, apart from the general 
ccnsideraticns just menticned. It is not 
necessary. Scciety can deal with the issues 
raised by scientific discoveries by other 
methcds than by forcing the scientist to 
do scmething unccngenial, scmething for 
which he is often not fitted. The course of 
acticn that can acccmplish this seems to me 
the cnly self-respecting cne. The applica- 
ticns made of scientific discoveries are very 
scldcm made by the scientists themselves, 
but are usually made by the industrialists. 
It is the manufacture and sale of the in- 


venticn that should be contrclled rather 
than the act of inventing. This could surely 
be accomplished by specific acticn rather 
than by throwing out baby and bath to- 
gether. One can think of revisions in the 
patent laws, for instance, that would be 
pertinent. Or scciety can contrcl the situa- 
ticn by other means already in its posses- 
sicn. If it had not wanted to construct an 
atomic bomb, it need not have signed the 
check for the two billicn dcllars which alcne 
made it possible. Without this essential 
ccntribution from society the atomic bomb 
would have remained an interesting blue- 
print in the laboratory. 

Why is it that there is such popular 
clamor for dealing with this situaticn by 
the tremendously clumsy and backhanded 
methed of imposing responsibility cn the 
individual scientist, a methed which in- 
vclves the sacrifice of fundamental prin- 
ciples and the development of social mech- 
anisms of more than doubtful practicality? 
I suspect the clamor arises from the un- 
conscious operaticn of very human motives. 
The cry of responsibility is often no more 
than the cry of a lazy man to get someone 
else to do for him what he cught to do for 
himself. There may perhaps be a small 
element of despair in the clamor. It is 
obvicus that if society would only abolish 
war, 99 percent of the need for the control 
of scientific discoveries would vanish. Fur- 
thermore, it is obvious enough that the 
abcliticn of war is the business of everyone. 
The difficulties of dceing this, however, 
appear to have become so enormous that 
the average man may well despair of being 
able to accomplish it himself. Into this 
situaticn ccmes the visicn that if cnly some 
deus ex maciina would stop scientific dis- 
coveries from being put to bad uses we 
could all be at peace in our minds. Where- 
upen the human race, with its capacity for 
wishful thinking and raticnalizaticn, needs 
only this hint to invent the legend of the 
respcnsibility of the scientists for the uses 
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society makes of their discoveries. Let 
society deal with this situaticn by the means 
already in its hands, means by which it deals 
with similar situations. If it truly believes 
that the peculiar qualifications necessary 
to deal with the misuse of scientific dis- 
covery are to be found among the scientists, 
which I, for ene, very much doubt, then let 
it create mechanisms and make opportuni- 
ties by which those scientists who can do 
this sort of work well will be attracted to 
this field, rather than to insist on its right 
to the indiscriminate concer of all scientists 
with this problem. And let the scientists, for 
their part, take a long-range point of view 
and not accept the careless imposition of 
responsibility, an acceptance which to my 
mind smacks too much of appeasement 
and lack of self-respect. 

I believe it to be of particular importance 
that the scientist have an articulate and 
adequate social philosophy, even more 
important than that the average man should 
have such a philosophy. For there are cer- 
tain aspects of the relation between science 
and society that the scientist can appreciate 
better than anyone else, and if he does not 
insist on their significance no cne else will, 
with the result that the relation of science 
to society will become warped, to the detri- 
ment of everycne. 

The social philosophy which seems to be 
spontaneously growing up among some of 
our scientists is, I believe, a short-range and 
inadequate philosophy. It is well known that 
the scientists who have shown the most ar- 
ticulate concern with the social implications 
of the atomic bomb are young. The philoso- 
phy that is coming into being betrays this. 
It is a youthful philosophy, enthusiastic, 
idealistic, and colored by eagerness for self- 
sacrifice. It glories in accepting the responsi- 
bility of science to society and refuses to 
countenance any ccncern of the scientist 
with his own interests, even if it can be 
demonstrated that these interests are also 
the interests of everycne. Such a philosophy 
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is unmindful of long-range considerations 
and blind to the existence of other scales 
of values than those of the philosophers 
themselves. 

What are the characteristics of an ade- 
quate social philosophy? It seems to me 
that first and foremost this should be a 
“maximum-minimum” philosophy. That 
is, society should be so constructed as to 
allow the maximum number of its members 
to lead a good life, while at the same time 
the minimum of dictation and interference 
should be imposed on any individual in 
determining what shall for him constitute 
a good life. The most outstanding character- 
istic of such a society is its tolerance. 
What would be a good life for one man 
would not be a good life for another. It is, 
I think, with regard to this minimum re- 
quirement that actual societies are most 
likely to fail. No society dedicated to a 
special thesis satisfies this requirement. A 
totalitarian society, such as that of Russia, 
in which a man may anticipate happiness 
if he thinks as the majority, but in which 
he may expect to be liquidated if he opposes 
it, is obviously not such a society. Neither 
is the conventional Christian society, with 
its thesis that the good life is the one devoted 
to the service of a man’s fellows, and with 
the correlative assumption of the right of 
the community to impose this ideal on the 
individual. Both these types of society are 
too narrow. The broadly tolerant society, 
committed to no special thesis as to what 
constitutes the good life, is evidently a late 
product in the evolutionary chain. When the 
struggle for survival is too intense, tolerance 
may well be a luxury society cannot afford. 
But as the struggle for survival ceases to 
dominate the social pattern, an increasing 
amount of tolerance becomes practical, 
until in the end the attainment of the maxi- 
mum of tolerance may well become the 
dominating ideal. This, it seems to me, is 
the sort of society we should strive for; 
it also seems to me that in this country 
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tcday a high degree of realization of such 
a society is possible. 


Wuat is the relation of the scientist to 
such a society? It seems to me that he oc- 
cupies a positicn of high strategic import- 
ance, a positicn impossible of attainment for 
the man who has not directly experienced 
the significant factors basic to this type of 
society. The conception of what constitutes 
the good life does not present itself as a 
primitive datum in consciousness, but is 
a product of cultivation and education. 
Furthermore, various ideals of the good 
life are possible, competitive with one an- 
other and to a certain extent mutually 
exclusive. The ideals that come to prevail 
will to a large extent depend on the self- 
conscious activities of those most concerned. 
It may even be that the ideals will have 
to be fought for. What constitutes the good 
life for the scientist does not at once appeal 
to the majority as constituting the good 
life. Nay, more than this, without education 
the majority cannot be trusted to see that 
it is to the advantage of the community as 
a whcle that the scientist be allowed to 
lead his good life. With education, however, 
I believe that this can be accomplished, 
and that the scientist is strategically sit- 
uated to impart this education. It is, of 
course, easy for anyone to see that the ma- 
terial benefits we now enjoy would not have 
been possible without scientific activity and 
to see that for this reason science should be 
supported. What I have in mind, however, 
is something less material. I think the scien- 
tist, in endeavoring to impart the vision of 
what this is, would do well not to take a too 
narrow view. The scientific life, which for 
him is a good life, is a special kind of a more 
general life which is also a good life, namely, 
the life of the intellect. 

I think the scientist’s most important 
educative task is to get the average man to 
feel that the life of the intellect not only is 
a good life for those who actively lead it, 
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but that it is also good for society as a whole 
that the intellectual life should be made 
possible for those capable of it, and that it 
should be prized and rewarded by the entire 
community. It is perhaps a gamble that 
society as a whole can be made to feel this. 
But I believe it is a gamble to which the 
scientific man is committed. If the human 
race is such a sort of creature that it cannot 
be made to feel that intellectual activity and 
satisfaction of the craving for understanding 
are goods in themselves, then we might as 
well shut up shop here and now, and those 
of us who are made that way henceforth 
get the intellectual satisfactions necessary 
to us as best we can, surreptitiously and in 
spite of our fellows. Example itself can be 
educative. Appreciation of the element of 
high adventure in achieving understanding 
of the ways of nature should not be difficult 
to impart. In other fields human beings do 
this. There must be widespread sympathy 
with, and understanding of the mountain 
climber who, when asked why he had to climb 
mountains, replied, ‘“Because the mountain 
is there.” I believe that most men similarly 
can be made to feel the challenge of an ex- 
ternal world not understood and can be 
made to see that the scientist has to under- 
stand nature “because nature is there.” 
The challenge to the understanding of 
nature is a challenge to the utmost capacity 
in us. In accepting the challenge, man can 
dare to accept no handicaps. That is the 
reason that scientific freedom is essential 
and that artificial limitations of tools or 
subject matter are unthinkable. The average 
man, I believe, can be made to see that 
scientific freedom is merely freedom to be 
intelligent, and that the need for this 
freedom is born with us, and that we will 
practice it in the inmost recesses of our 
thoughts no matter what the external 
constraints. And I believe also that the 
average man can be made to see that the 
imposition of restraints on the freedom to 
be intelligent betrays fear of the unknown 
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and of himself, and that he can be made to 
feel that this fear is an ignoble thing. My 
gamble is that the human race, once it has 
caught the visicn, will not be willing to 
yield to fear of the consequences of its 
own intelligence. 

It may appear that we have been straying 
rather far from our ostensible topic. I 
think, however, that from the broad point 
of view we have not. What we have been 
saying amounts to saying that the most 
intelligent way of dealing with the problems 
arising from scientific discoveries is to 
create an appropriate society. This society 
will be a society that recognizes that the 
only rational basis for its functions is to 
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be sought in its relations to the individuals 
of which it is composed; a society in which 
the individual in his capacity as a member 
of society will have the integrity not to 
stoop to actions he would not permit him- 
self as an individual; a society broadly 
tolerant and one which recognizes intel- 
lectual achievement as one of the chief 
glories of man; a society imaginative enough 
to see the high adventure in winning an 
understanding of the natural world about 
us, and a society which esteems the fear of 
its own intellect an ignoble thing. In a 
society so constituted I venture to think 
the problems created by scientific dis- 
coveries will pretty much solve themselves. 


INTEGRAL 


Each dies a separate death; the blood congeals, 
Muscles grow rigid, ice invades the bone; 

The heart grinds to a stop, like dragging wheels, 
A light goes out... and man 1s left alone. 
There is no comfort here; no word can breach 
The widening and fathomless abyss 

A breath away, yet out of mortal reach— 

And there 1s no aloneness like to this. 


Each dies a separate death, alone, apart, 
Yet by his very dying he becomes 

An integral of one vast, cosmic heart, 

One with the dead through all millenniums; 
Death isolates, but to unite at last, 

With granite link, the present to the past. 


MAE WINKLER GOODMAN 
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N SCIENCE no less than in govern- 

ment, I think, it is a part of wisdom 

to recognize that not every sentence 
followed by a question mark asks a ques- 
tion.’ The text for discussion, ““How far 
can scientific method determine the ends 
for which scientific discoveries are made?” 
ends with a question mark. But in order 
for this to pose a significant question two 
preconditions would have to be met: 
first, it must be possible for a method to 
determine an end; and, second, this process 
of determination must be measurable, so 
that some constant can be substituted for 
the variable “how far?” For my part I 
cannot, for the life of me, understand how 
any method can ever determine an end. 
And I therefore see no point in trying to 
decide whether such a process of deter- 
mination, if it existed, could be measured. 
I shall, therefore, not attempt to give an 
answer to what I think is not a question. 
Let me instead take this opportunity to 
treat our text not as a question to be 
answered, but as a symbolic indication of 
interest, and perhaps of confusion, that 
deserves to be explored. 

What we are interested in, I suppose, is 
the question of whether and how human 
beings can be scientific in marking out social 
goals, standards, and controls to govern 
scientific research and technology. The 
process of influencing, criticizing, and con- 
trolling scientific activity is carried on 
by college trustees, corporate boards of 
directors, governments, and many other 
agencies. Because my own knowledge of 


the mores of college trustees and corporate 
directors is rather limited, I propose to 
restrict my comments to the problem of 
governmental or political influence or con- 
trol over the activities that comprise science. 
Specifically, I propose to address myself 
to the problem ot whether we can be 
scientific in the political control of scientific 
activities. 

Let me at the outset try to dispose of a 
common language block to clear thinking 
on this problem. It is frequently said, and 
even more frequently assumed, that politi- 
cal control of science or technology is either 
impossible or wholly calamitous. ‘Political 
medicine” is the bad name that some 
physicians like to give to programs of 
government-subsidized medical service, to 
save the trouble of arguing the merits or 
demerits of such programs. Such are the 
dyslogistic overtones of the adjective ‘‘po- 
litical” that further argument appears 
superfluous. And perhaps the word “con- 
trol’ has similar overtones. Let us, however, 
following the advice of Justice Holmes, wash 
our words in cynical acid and recognize that 
pclitical factors, in the sense of factors of 
pelicy or government, are inevitably in- 
volved in the control of technology, and 
that control is positive as well as negative, 
including assistance as well as restriction. 

Let us, in the same spirit of operational 
realism, which Professor Bridgman has so 
ably advocated in the physical realm, 
recognize that ‘‘disciplining”’ scientists may 
be only a dyslogistic way of referring to 
the award of Nobel Prizes, and that the 
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“right of the stupid to exploit the bright” 
may mean no mcre than the duty a great 
physicist is under to expound his ideas to 
fellow mortals of lesser intellect. At any 
rate, the problems remain when emoticn 
evaporates. Research facilities may be taxed 
or untaxed, publicly subsidized or not, 
permitted to accept private donations and 
bequests or not. Free public education may 
stop at the high-school level or run through 
college or postgraduate courses. Govern- 
ment agencies may restrict or expand their 
present research activities in the natural 
or the social sciences or in both. Which of 
these possible courses should be followed? 
And how should the products of govern- 
ment research be distributed to the public? 
Should inventions that result from govern- 
ment research belong to the public or to 
the individual government employee who 
completes the inventicn? How far should 
the government go into the atomic-energy 
business, or into the power business gen- 
erally? How much freedom should public 
servants enjoy in publicizing their findings 
and theories, and who should fix and judge 
the limits of such freedom? These questions, 
which sericusly affect the future of science 
in this country, are inevitably pclitical, 
and we do not guarantee the correctness of 
our answers by refusing to face such ques- 
tion cpenly or by failing to appreciate the 
conflicting ccnsideraticns that may lead rea- 
scnable people to entertain divergent views 
in answering them. 

To say that it is possible, and even de- 
sirable, to weigh such pclitical alternatives 
and questicns as these is cnly to teuch the 
edge of the prcblem before us. What is 
more important to recognize, perhaps, is 
that secial ccntrcl or directicn ef technclogy 
is not cnly one among many functicns of 
pelitical erganizaticn, but, over the span 
cf recorded history, probably the mest 
important single function of pclitical organi- 


zaticn. 
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If we look for instance, to the Stone Age 
culture of our own Plains Indian society, 
where the buffalo hunt was the principal 
source of food, clothing, and shelter, we 
find that the social ccntrcl of buffalo hunt- 
ing was the major axis of pclitical develop- 
ment. The buffalo police came into being 
in the buffalo-hunting seascn, when whole 
tribes and nations united, in order to make 
certain that no unsocial or unskillful in- 
dividual hunted in such a way as to frighten 
away the herds. At other times of the year 
Plains society was highly individualistic, 
and single families, bands, or individuals 
might hunt deer or bear as they pleased, 
without police supervisicn. But when the 
existence of a whcle people was at stake 
and depended upcn a minutely elaborated 
technology for sustenance and survival, 
a police force was called into being. 

So, too, if we lock at the irrigation-farm- 
ing society of the Pueblo Indians, we find 
a society dependent upon a carefully de- 
veloped technique of irrigation, and control 
of the irrigation ditches and the use of 
irrigation water are to this day the focus of 
Pueblo government and the ultimate sanc- 
tion of communal discipline. If we look at 
the old Southern plantation economy, we 
find techniques of operation and manage- 
ment that are reflected and supported in the 
present government machinery of the 
plantation states. In a society of traders or 
raiders, government focuses on the canons 
and techniques of trading or raiding. 

At every level of civilization, we find that 
acts which disturb or seem to threaten the 
accepted way of making a living are the 
most sericus of crimes. On our old Western 
frontier men might forgive many departures 
from the moral codes of the East, but there 
was no argument about horse-stealing, which 
cut the thread on which travel, communica- 
tien, and livelihood hung in the technology 
of the frontier. 

The precarious dependence of all human 
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living and civilizaticn upon the maintenance 
of man’s technclegical centrol over nature 
is ever-present today. Though the threat 
of starvation, which has haunted mankind 
for a millicn years and still haunts most 
of the world, no longer looms before our 
eyes in this blessed land, the atomic bomb 
has made us all realize that our lives and our 
children’s lives hang in the balance while 
we seek to fashion effective controls for 
our technclogy. 

Tcday we are beginning to realize the 
inadequacy of the cld-fashicned materialism 
that viewed human development as a pro- 
duct of gecgraphy and natural resources, 
with technology appearing as a by-product 
of rescurces. Today we are beginning to 
appreciate that what is a natural resource 
is itself a function of our technology or 
rescurcefulness.?, Human intelligence can 
make airplane wings out of sea water, 
fertilizers out of air, little atoms out of 
big atoms. Set a scientist down in a desert 
or a wilderness and he will begin to dis- 
cover resources, wealth, opportunities. Take 
science from a prospering land and it will 
relapse into desert or wilderness. If, as a 
distinguished eccnomist has well said, the 
fundamental category of economic ac- 
tivity is power,’ then, as surely as knowledge 
is power, knowledge is the basis of every 
econcmy. 

Tceday a medern scientist may para- 
phrase Archimedes to say: ‘Give me con- 
trol over a nation’s scientific development, 
and a leng encugh span of years, and I will 
raise or lower its level of income or power to 
any assigned point.” Compare the strength 
and the standard of living of a country 
like Switzerland, incomparably poor in 
natural resources but rich in vision and 
skill, with that of Rumania, abceunding 
in natural resources but lacking in science,‘ 
and ycu will find a key to many traditicnal] 
mysteries of international intercourse and 
of our own national development. 





If, then, the centrcl or direction of tech- 
nclegy is inevitably a pclitical question and 
perhaps, as I think, the most central and 
most important of all political questions, 
the question that faces us is: What light 
can science throw on the proper direction 
of such control? 

Perhaps the most persuasive answer to 
a question of this sort is one given by his- 
toric fact. The scientists of this country 
have undertaken within the past two years 
to help direct the course of atomic-energy 
development in this country by cooperating 
with pcliticians or, if you prefer, states- 
men—if it is ever permissible to apply the 
term to pcliticians who are not yet dead. 
Our physicists and other scientists lectured 
for some menths to a senatorial seminar 
arranged by Senator McMahon and found 
a willing audience. As one who played a 
very minor role in the preparation of 
testimony and the drafting of legislation in 
this field, I should like to pay my tribute to 
the public service rendered by our atomic 
scientists in awakening and informing public 
opinion. It was the scientists, speaking 
with the authority that a preface of thunder- 
claps assures, who called attention to the 
dangers inherent in certain legislative pro- 
posals in the field of atomic energy. Those 
proposals might now be law but for objec- 
ticns that scientists then voiced. Those pro- 
posals, we soon realized, threatened the 
basic principle of our American democracy, 
the thing that distinguishes us from so many 
sister-republics of this hemisphere, civilian 
supremacy in government. I think we have 
taken the first brave steps toward making 
atomic energy a scurce of peace and plenty 
rather than an endless catastrophe. I think 
we have achieved a reasonable compromise 
between the need for freedom of research, 
which is an essential part of free thought, 
and the need for public contrel of its military 
and eccncmic applicaticns.® If we have 
achieved this result, it is because our scien- 
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tists and our politicians were able to realize 
that they live in One World. If we have not 
completely attained the Platonic ideal that 
will come into being when kings become 
philosophers or philosophers become kings, 
we have, I think, made a modest stride in 
that direction in dealing with atomic energy. 

Such a result was possible in the field of 
naticnal legislation, for one thing, because 
our Congress, not being limited, as many 
state legislatures are limited, to meeting for 
a few weeks every other year, is able to give 
patient attention to scientific evidence on 
important political issues, whenever they 
arise, and to act in the light of the evidence. 
How Congress has been able to survive the 
popular Calvinistic theory of the depravity 
of government which has led to the extraor- 
dinary restricticns fastened upon the meet- 
ings and activities of nearly all our state 
legislatures, I do not know. But I think it 
fortunate for the country that we do have a 
national legislature that is ready, able, and 
willing to have the light of science thrown on 
current problems at any time. Members of 
Congress are not always scholars, but I see 
no reason why American scientists should 
ever hold up their hands in horror at the 
prospect of educating Congressmen or their 
constituents on matters that profoundly 
afiect our lives. After all, Socrates was able 
to demonstrate geometric proofs to a slave 
boy. 


Nort only in the field of atomic energy, 
but in many other fields as well, do we find 
scientists testifying patiently and effectively 
before committees of Congress, as to the 
probable consequences of one legislative 
course or another. Proposed legislation for 
the establishment of a National Science 
Foundaticn,® for the expansion of public 
health services, and for the interchange of 
teachers, students, and research workers 
with other countries evoked effective testi- 
mony from distinguished American scien- 
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tists. And year after year government scien- 
tists go before appropriation committees to 
justify appropriations for government- 
financed research. Just think what it means 
to justify an appropriation for research. It 
means finding a common measure for the 
impact of taxation on human lives and the 
probable outcome of a search into the un- 
known. And it means a choice among com- 
peting proposals for disbursing national 
funds in a field which includes not only 
many different lines of physical and social 
research but also works of national defense, 
subsidies to agriculture, and law enforce- 
ment. And despite all the fashionable doubts 
as to the commensurability of human val- 
ues, these goods have to be weighed against 
one another, for each public dollar can be 
spent only once. If the justification of basic 
research under those conditions seems a 
dreary and impossible task to those who 
have never sat across a table from an appro- 
priations committee, let me quote the reas- 
suring comment of a scientist in the Depart- 
ment of Agriculture: 


I have been going up before appropriation com- 
mittees for this Department for close to forty 
years and I never have found a committee 
that as a whole wasn’t favorable to fundamental 
research, whether we could show any immediate 
returns or not. In all of my experience, any sound 
piece of research has always had their support, and 
I have known them to make appropriations for 
such types of research even against the recom- 
mendation of the Bureau of Budget and the 
President.’ 


The receptivity of our Congress to impar- 
tial scientific evidence on issues of national 
significance is paralleled, I believe, by the 
attitudes of most of our executive or ad- 
ministrative agencies. Organizations like the 
Bureau of Standards, the Bureau of Labor 
Statistics, the Bureau of Mines, the Geologi- 
cal Survey, the Public Health Service, and 
the many research agencies of the Depart- 
ment of Agriculture seek not only to trace 
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the latest technological developments in 
their respective fields, but also, so far as 
possible, to measure the human conse- 
quences of such developments and to bring 
this knowledge to bear upon the administra- 
tion of governmental bureaus. Many of us 
are discouraged, from time to time, because 
in one matter or another some administra- 
tive body has paid too much attention to an 
outworn and disproved theory and not 
enough attention to the latest scientific 
findings. But do we not often make the same 
observaticns about our students and even 
our academic colleagues? And if we try to 
take a long-range view of things and com- 
pare the amount of up-to-date scientific data 
that is available to present-day government 
administration and used in the process of 
administration, with what was available, 
say, in the days of Bentham, we can get 
some conception of just how far we have 
progressed along the path that Bentham 
charted, the path of molding law and 
administration in the light of the human 
welfare and human suffering that follow 
therefrom. 

As a lawyer I am sorry to have to report 
that there is at least one field in which the 
scientific search for truth has hard sledding, 
and that is before the judicial branch of 
government. The spirit of the contest by 
hired champions still dominates litigation, 
and for the court to go beyond the presenta- 
ticn by interested parties and to embark 
upen impartial scientific investigation of its 
own, perhaps with the aid of recognized 
scientific bedies and authorities, would 
appear to many judges and lawyers to be an 
unforgivable departure from the sporting 
spirit that should control litigation. Yet I 
wonder whether we have not outgrown the 
right to rely on hired champions, whether 
they wield medieval battle-axes or modern 
thecries of psychoanalysis or economics, in 
our search for the truth in courts of law. 

Differences of opinion in our Supreme 
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Court, for instance, as to the consitutional- 
ity or even the interpretation of statutes 
generally turn upon differences of viewpoint 
as to the “reasonableness” of various statu- 
tory requirements, and these differences, 
while they may turn on ultimate ethical 
disagreements, seem generally to be based 
upon divergent views as to the actual conse- 
quences of the act or the interpretation in 
question. Yet there is no recognized way in 
which the Supreme Court may call upon any 
scientific body for impartial advice on the 
facts. The result is that the Supreme Court’s 
pronouncements and assumptions on mat- 
ters of economics, anthropology, biclogy, 
and technclogy are often made in disregard 
of the sources of scientific informaticn that 
are available to Congressional committees. 
Thus, for example, in the case of Alcea Pand 
of Tillamooks v. United Siates, decided No- 
vember 25, 1946, four justices of the Su- 
preme Court thought that failure to pay 
Indians for surrendered lands was a depar- 
ture from accepted mores of government 
activity, justifying an award of compensa- 
tion, while three justices dissented from the 
allowance of compensation on the ground 
that taking lands from Indians without 
compensaticn was the usual and commonly 
accepted way of doing business a century 
ago. On this issue of pclitical and economic 
history neither party to the case presented 
any evidence at the trial, and the Supreme 
Ccurt had no way of calling for expert and 
objective testimony on an issue of historic 
fact. 

The need for access to impartial sources 
of scientific knowledge is even greater, 
though perhaps not so dramatic, in the 
lower courts. Why should a trial judge have 
to choose between two hired experts testify- 
ing for one side or the other on questions of 
psychiatry, medicine, chemistry, economics, 
or anthropology? Would it not be helpful in 
the search for truth if courts could call for 
testimony from panels of disinterested 
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scientists nominated by appropriate scien- 
tific bodies and paid, not by one party or the 
other, but out of the same public funds that 
are available for judicial salaries and other 
expenses of the administration of justice? 

I hope that someday the American Asso- 
ciation for the Advancement of Science or 
some of its constituent organizations will 
give thought to ways and means of making 
scientific knowledge available to our courts 
of justice in an objective and impartial way 
that will command respect both for our 
science and for our law. I do not think such 
a project is by any means fanciful. Our 
wisest judges have long recognized the de- 
pendence of justice upon science. 


I have had in mind [to quote Justice Holmes] an 
ultimate dependence upon science because it is 
finally for science to determine, so far as it can, the 
relative worth of our different social ends, and, as 
I have tried to hint, it is our estimate of the pro- 
portion between these, now often blind and un- 
conscious, that leads us to insist upon and to enlarge 
the sphere of one principle and to allow another 
gradually to dwindle into atrophy. Very likely it 
may be that with all the help that statistics and 
every modern appliance can bring us there never 
will be a commonwealth in which science is every- 
where supreme. But it is an ideal, and without 
ideals what is life worth? They furnish us our 
perspectives and open glimpses of the infinite 
(O. W. Holmes, Law in Science and Science in Law, 
Collected Legal Papers, 210, 242). 


There are today many practical ap- 
proaches toward such a liaison between 
science and justice. In many juvenile courts 
we have trained psychiatrists, criminolo- 
gists, and physicians attached to the court 
itself and able to furnish unbiased informa- 
tion to the judge. In some civil cases, where 
intricate questions of geology, psychiatry, 
economics, or industrial technology are in- 
volved, special masters with scientific train- 
ing are appointed by the courts to get at the 
facts. Only a year or so ago new rules of 
criminal procedures were promulgated for 
the Federal courts and this code, for the 
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first time in our history (thanks, I believe, 
to the efforts of my distinguished colleague 
Professor George Dession), authorizes the 
Federal courts to appoint expert witnesses 
on its own motion.® We ought, I think, to 
have some similar procedure in civil cases, 
and particularly in constitutional cases, 
And, above all, when the judiciary takes this 
step toward an effective liaison between 
science and justice, there ought to be some 
reciprocal step taken on the part of scientists 
to see that this affair is a durable marriage 
and not merely a liaison. 

This, of course, is only a small part of the 
area in which science may function to make 
government more scientific. As an old bu- 
reaucrat who has served for more than 
thirteen years in the Office of the Secretary 
of the Interior, I may say that I can think of 
no more important step toward good gov- 
ernment than action by American scientists, 
through their professional organizations, to 
subject the scientific assumptions that 
underlie our laws and their administration 
to systematic scientific scrutiny. Take, for 
example, our racial laws, laws which seek to 
control man’s biological development in this 
country by gerrymandered immigration 
quotas and the various restrictions on citi- 
zenship and land ownership that rest on 
racial grounds. Is there not some responsi- 
bility on the part of biologists and anthro- 
pologists and other professional scientists to 
expose the pseudo science and the disproved 
hypotheses on which so much of this legisla- 
tion rests? Of course there may be some who 
will uphold these laws, whatever the facts 
may be, and I am not suggesting that trac- 
ing the consequences or the assumptions of 
a given course of political action will ever be 
enough to defeat or establish such action as 
a matter of logic. Always there remains a 
question of ultimate values. I shall recur to 
this ina moment. For the present I am con- 
tending only that the process of government 
always involves assumptions and hypothe- 
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ses as to positive fact and that scientists can 
help to see that these assumptions and 
hypotheses are considered in the light of the 
available scientific evidence. In this process 
we may come to realize that every law and 
every ruling involves implicit predictions 
and deserves to be reconsidered whenever 
these predictions are not borne out by the 
facts. That, I take it, is one essential of the 
scientific approach to government and law. 
To the extent that this approach is imple- 
mented in reality, government can become 
more scientific than it is. Ccnversely, to the 
extent that we may have a reaction against 
“experimenting,” ‘‘guinea pigs,” ‘“question- 
naires,” “theories,” and “professors,” gov- 
ernment may become a good deal less scien- 
tific than it now is. 

The upshot of our argument thus far is 
that the activities of scientists are just as 
proper a subject of social control as the ac- 
tivities of businessmen, irrigation-water 
users, patent owners, or horse thieves, that 
this social control of scientific research and 
its applications is largely exercised through 
the usual agencies of government, and that 
existing governmental agencies in this field 
are more or less receptive to the influence of 
scientific data impartially presented, and 
might be more receptive if scientists put 
forth a more sustained effort to make their 
data available to the agencies of govern- 
ment. All this, however, focuses on the role 
of factual knowledge in enlightening the 
process of government. Is that all there is to 
the fixing of social goals? 


SucH words as “ethics,” “morals,’’ and 
“the goed life” have acquired, during recent 
decades, the musty odor of Sunday-school 
rooms that are open only once a week. Under 
the influence of nonscientific conceptions of 
ethics, and particularly under the view that 
conscience can give an infallible answer to 
any ethical question, ethics during the nine- 
teenth century was forced to abandon the 
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empire it once claimed over the world of 
science, industry, law, and civilization. So 
attenuated in its dominion, ethics could 
command respect only by issuing the one 
command with which every weak sovereign 
may secure obedience, the unbreakable 
command: “Do as you please.” The moral- 
ity of laissez faire, applied to economics, law, 
education, art, and science, reflects the 
bankruptcy of a society in which no group 
recognizes its obligations to the rest of 
humanity. Such a fissionable society cannot, 
I think, long endure. Certainly it cannot 
long endure alongside other societies where 
the objectives of all groups are systematized 
and reasonably coherent. 

The search for a systematized and coher- 
ent pattern of values is not a new thing in 
the history of our civilization. In the works 
of Aristotle and Plato, in the Pentateuch, 
and in the great synthesis that Scholastic 
philosophy made of the Hellenic and the 
Semitic traditions, there is clear recognition 
cf the fact that all human conduct is subject 
to moral judgment because we all live inOne 
World where all human conduct affects 
human weal and woe. In the light of this 
recognition neither science nor art nor edu- 
cation nor law can be removed from the 
realm in which significant moral judgments 
may be passed. Conversely, modern ethics 
cannot ignore the data of science in favor of 
the promptings of conscience, which is itself, 
in large part, like common sense generally, 
a compote of old scientific and philosophical 
theories that has been stewing for a few 
hundred or a few thousand years. Modern 
ethics recognizes that insofar as we pass 
moral judgment on acts without knowledge 
of their consequences we literally do not 
know what we are talking about. 

The physical scientist can claim credit for 
the conquest of energy that has made civili- 
zation compatible with human equality by 
making it possible to substitute mechanical 
slaves for human slaves. By the same token, 
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he cannot escape, any more than any other 
member of society, responsibility for the 
human suffering he helps bring to pass. And 
only an informed appreciation of the way in 
which science operates to relieve human 
suffering and banish ancient fears and an- 
cient pains can assure to science the social 
support that it deserves. I think that our 
society of today is on the brink of redis- 
covering these ancient truths, and that the 
famous slogan of a successful American 
businessman, ‘“‘The public be damned,”’ is 
going to find fewer adherents in the coming 
generation than it has found in the past, not 
only in the ranks of businessmen, but also 
in the ranks of poets, painters, lawyers, and 
scientists. For the arts and sciences, as for 
the nations, isolationism is obsolete. 

Let me hasten to add that I think the 
pursuit of truth through science is assuredly 
a good in itself that needs no ulterior justifi- 
cation, any more than love or art or chess or 
law, conceived as an indoor sport. But when 
chess is played with human pawns, the 
pawns as well as the players have a right to 
be heard. The pursuit of truth, like the pur- 
suit of beauty or happiness or what is 
called elegantia juris, if carried on in a so- 
ciety of many individuals in such a way as 
to bring destruction or injury to some of 
them, must appear when called before the 
bar of some more comprehensive moral 
judgment. If the scientist lived his entire life 
in an ivory tower and undertook to destroy 
the tangible results of his research upon its 
completicn, there might be some ground for 
the argument that society has no right to 
interfere or concern itself with scientific 
research. Perhaps there are some scientists 
who do live in such towers. A great mathe- 
matician once said that the best thing about 
the theory of prime numbers was that no- 
body could ever by any chance put it to any 
practical use. I am not sure that this is still 
true in these Pythagorean days when our 
very lives are balanced upon atomic num- 
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bers like U-235. But certainly outside the 
theory of prime numbers there is no field of 
science that does not have a bearing on 
human happiness and human suffering, and 
no field, therefore, from which ethical judg- 
ment can be excluded. 

Such ethical judgment may be enlight- 
ened or unenlightened. It is more likely to be 
enlightened if scientists themselves, as edu- 
cators, participate in the process of public 
enlightenment and participate, as citizens, 
in the formulation of social policy. And if, 
as I believe, citizenship carries a duty to 
contribute knowledge, as well as taxes, in 
proportion to ability or income—notwith- 
standing Professor Bridgman’s objection on 
both counts*’—then the civic duties of the 
scientist are not negligible. 

The question remains: Can ethical judg- 
ment be enlightened or is it inevitably a 
magical or religious but definitely not a sci- 
entific affair? Is there an unbridgeable gulf 
between the world of “‘is’”’ and the world of 
“ought,” such that the methods of science 
applicable in the former realm are of no 
relevance to the latter? 

I have elsewhere argued that ethics itself 
is, at least potentially, a science and that 
judgments of value can be scientifically 
analyzed, refined, corrected, and systema- 
tized, just as judgments of time, weight, or 
space can be.!° For the present it is enough 
to state the position in agnostic terms. I 
know of no point at which the scientific 
search for facts needs to stop short of com- 
plete understanding of all the relevant 
factors in any problem situation. 

Most supposed ethical disagreements 
turn, I believe, upon different estimates as 
to the actual consequences of alternative 
forms of conduct. And certainly the tracing 
of consequences of conduct is a proper do- 
main of science. There is, however, in the 
last analysis, a point at which one must stop 
tracing the consequences of any course and 
judge that in the light of all these conse- 
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quences the course in questicn is desirable 
or undesirable. Does cne thereupon move 
into another world, a world from which 
science is fcrever barred? 

To distinguish between “is” and “‘ought”’ 
is prcper encugh, just as it is proper to dis- 
tinguish between “is” and “is not.” The 
propcsiticn “Hitler is alive” is as different 
frm the prepositicn “Hitler ought to be 
alive” as both are different from the propo- 
siticn “Hitler is not alive.” But this does not 
mean that there is a world of ought and a 
separate werld of 1s, any more than it means 
there is a world cf being and a separate worid 
of nonbeing. The difference between “‘is” 
and “is not” is relative; “A is not B”’ is 
equivalent to “A is C;” “Hitler is not alive” 
is no different than ‘‘Hitler is dead.” So, too, 
there is, I think, cnly a relative difference 
between is and ought. To say that we ought 
to avcid an atcmic war is, I think, substan- 
tially equivalent to saying that we shall, in 
the Icng run, avoid a great deal of suffering 
by averting such a war. 

Whether I am right or wrong in consider- 
ing suffering to be the only intrinsic evil in 
the world, and well-being or happiness the 
only intrinsic gocd, the fact remains that 
any ethical theory that purports to follow 
the cancns of science must use empirical 
terms in defining the gocd life, and I see no 
reascn why any bedy of empirical observa- 
tions may not become the material of science 
if appreached in a scientific spirit. I would 
say that cne approaches ethics in a scientific 
spirit if he has what Professor Bridgman has 
referred to as the scientist’s religious humil- 
ity before ultimate facts” and is ever ready 
to revise his theory to accommodate the 
facts. 

Now it seems to me that the facts of 
ethics are as ineluctable as the facts of color. 
Things appear to us as good or bad, as they 
appear black or white, large or small, round 
or square. These observations are not in- 
fallible, since, as Kant pointed out, actual 





observation always involves, in additicn to 
pure percepticn, a conceptual element which 
invclves judgment. But such observation, 
whether of cclor or value or the position of 
pcinters on instruments, offers the only 
possible material for empirical testing of any 
theory. Such observations are subject to 
correction and refinement as we learn how 
to separate what is actually perceived from 
the conceptual mass that the observer brings 
to the relaticn of observation. But we can- 
not ever eliminate these observations from 
the body of any empirical science. 

If we eliminated felt time and felt weight 
and perception of color from physics we 
should have only a circular and empty 
mathematical system in which time is the 
measure of motion and motion the measure 
of time and neither has any verifiable exist- 
ence. In the same way ethics becomes an 
empty logical system if immediate percep- 
tion of good and evil is eliminated, and yet 
our observations, in ethics as in physics, are 
fallible and correctible. Such observations 
and judgments are perhaps not absolute, but 
if they are relative to perspectives or coordi- 
nate systems we can still hope to find formu- 
las of translation from one system to another 
or, at the very least, realms of agreement. 
And although we recognize, with Aristotle, 
that we cannot expect the same precision in 
political science as in physics or mathemat- 
ics, the fact remains that people do agree on 
some ethical observations about as well as 
they do on most physical observations. This 
is shown when, for example, the Senate of 
the United States passes a bill on atomic 
energy by unanimous vote. In fact, the 
essence of pclitics in a democracy is the 
search for points at which a multitude of 
ethical systems with disparate starting 
points and divergent goals can converge in 
a common observaticn. Without such con- 
vergences and the political skill to discover 
them we should have not a society but what 
Hobtes aptly called a ‘war of all against 
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all,” on a domestic as well as an interna- 
tional scale.” 

There was a time when the custodians of 
the world’s science considered the heavenly 
bodies a proper sphere of scientific interest 
but looked with disdain upon those who 
sought to apply similar canons of analysis 
to such mundane affairs as the rate at which 
stones fall or pendulums swing or blood 
flows. Yet the progress of science has always 
depended upon the happy fact that some 
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scientists have not cringed before these 
looks of disapproval or bowed before iron 
curtains and have ever been eager to push 
the techniques of science to new fields “be- 
yond the utmost bound of human thought.” 
If we are not to put ourselves in the laugh- 
ing stocks of history alongside the persecu- 
tors of Galileo, let us not set limits upon the 
possibilities of ethical science. Let us not set 
bounds upon what is truly an endless 
frontier. 
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THEY MOVE IN THE VOID 


Meet the Atoms. O. R. Frisch. xiv + 226 
pp. $3.00. Wyn. New York. 1947, 


The Atomic Story. John W. Campbell. 
vi + 297 pp. Illus. $3.00. Holt. New 
York. 1947, 


Explaining the Atom. Selig Hecht. xiv + 
205 pp. $2.75. Viking. New York. 1947. 


TOMIC bombs, atomic power, atomic 
age, atomic scientists, atomic in- 
formation, atomic, atomic, atomic... 

Many books are already in existence and 
are being published on every angle of atomic 
energy. But what is the atom? The book by 
Dr. O. R. Frisch fills the gap in the existing 
literature, and those readers who will go 
carefully through its 226 pages will know at 
least what they are talking about when they 
speak of the atom. It supplies this min- 
imum of basic physical knowledge, which 
is absolutely necessary for the understand- 
ing of the questions concerning the immense 
amounts of energy hidden in the central 
nucleus of the tiny atomic body. 

The author of Meet the Aloms, together 
with Professor Lise Meitner (who wrote 
the preface to it), was the first to interpret 
the epoch-making experiments of Hahn 
and Strassmann as the fission of atomic 
nucleus. During the war Dr. Frisch was 
active in the Manhattan District, for he was 
a recognized authority on atomic energy. 
He is now working in England on the same 
class of problem. This fact, which guaran- 
tees the authenticity and perfectly scien- 
tific angle of the presentation, is probably 
also responsible for the extreme shortness 
with which the basic problem of nuclear 
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fission and the large-scale liberation of 
atomic energy is treated in the book. But 
for those who are interested in the question 
of what the atom is and not how to use 
atomic energy, Dr. Frisch’s book certainly 
represents a well of knowledge. 


G. GAMow 
The George Washington University 


HE book by John W. Campbell, 

The Atomic Story, is intended for 
popular reading and for its greater part is 
quite successful in its aim. On such a subject 
as atomic physics, this is no mean achieve- 
ment; and, if in a few places the author 
falls below his average standard, this is 
only what must be expected of a writer on 
any subject. 

The author’s treatment of his subject is 
historical in character. He points out that 
there have been two lines of discovery in 
physical science that in recent years have 
coalesced into one. One of these lines began 
with the discovery that matter was not 
continuous but granular in structure; in 
other words, that there were such things 
as atoms. Centuries later, it was found that 
even these atoms were not the ultimate 
particles of matter, but were composed of 
still smaller subatomic particles. 

Electrical science had a parallel develop- 
ment, beginning with the ancient knowl- 
edge of the attractive power of rubbed 
amber. The author traces the growth of 
our electrical knowledge from Franklin’s 
time up to the development of the Crookes 
tube. He then points out that some twenty 
years later the discovery of radioactive 
substances brought about the union of these 
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two lines of development by showing that 
the subatomic particles were electrically 
charged. 

In the chapters dealing with the subse- 
quent development of these united lines, 
culminating in the discovery of atomic 
fission and its application to the atomic 
bomb, the author is at his best. In some 
parts, these chapters are not as easy reading 
as those dealing with the earlier history of 
the subject and must be read as carefully 
as the proof of a theorem in geometry; 
but, considering the advanced nature of 
the subject, this, too, is only to be expected. 

The book closes with a chapter entitled 
The Human X in Atomic Politics, which 
contains many good points. It closes as 
follows: 


There are two great tasks for the next half cen- 
tury: We must learn more about atomic forces. But 
we'd be wise if, first, we learned more about man— 
the one greater force that can twist atomic energies 
to its will. 


However, there are in this excellent book 
a few places where alteration is advisable 
if opportunity offers in a second edition. On 
page 18, where the author discusses the at- 
traction and repulsion exhibited by rubbed 
rods of glass and hard rubber, his treatment 
leaves something to be desired. For instance, 
he says in one place: “Since in ordinary un- 
charged matter there are electrons in num- 
bers just equal to protons, the glass rod will 
attract bits of ordinary matter because it 
attracts their electrons.”’ But what about its 
repulsion for their protons? 

The fact is that these phenomena, in the 
light of our modern knowledge of electron- 
ics, are by no means so simply explained as 
the author does it. He lays emphasis on the 
friction of silk on glass as breaking off elec- 
trons from the surface atoms of the glass, 
much as a dustcloth wipes off dust and car- 
ries it away. The modern view is that the 
only function of the rubbing is to bring 
about a close contact between the two sub- 
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stances; then there comes into play the con- 
tact electromotive force discovered by 
Volta, for which we have as yet no perfectly 
satisfactory explanation. 

On page 105 (and several other places) 
reference is made to the periodic table of 
elements. The nonscientific reader is not 
likely to have a copy of this table to refer to; 
and even the scientific reader might not 
have for ready reference the special form of 
the table mentioned by the author, which 
gives figures for the binding energy for 
atoms of different sorts. The book should 
contain a copy of this table. 

Mention should also be made of the non- 
scientific pictorial illustrations. These con- 
tribute nothing to the understanding of the 
subject and can hardly be regarded as orna- 
mental. 


Paut R. HEyL 
Washington, D.C. 


LTHOUGH there is not a word of 
politics or sociology in Explaining the 
Atom, it is, nevertheless, by purpose and de- 
sign, a book that is profoundly provocative 
in its political and sociological ramifications. 
By conveying to laymen the intellectual 
drama of the developments of atomic phy- 
sics during the past fifty years, Selig Hecht, 
Professor of Biophysics at Columbia Uni- 
versity and honorary Vice-chairman of the 
Emergency Committee of Atomic Scien- 
tists, has written a book supplying a frame 
of reference by means of which individuals 
can think, act, and vote intelligently in 
dealing with the important issues con- 
cerning atomic power. That there is great 
need for such an undertaking can be readily 
recognized, for only by understanding the 
basis and development of atomic energy can 
one judge the legislation and foreign policy 
that concern it. 
Since the exploding of atomic bombs over 
Hiroshima, Nagasaki, and Bikini, many 
ridiculous notions about the origin, the na- 
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ture, and the secrets of atomic energy have 
been disseminated. Actually, as Professor 
Hecht points out, the subject, through the 
scholarly efforts of scientists all over the 
world, has had an orderly history and de- 
velopment. Hecht portrays this develop- 
ment in terms of the historic steps that were 
taken in going from the earliest questions 
about the nature of substances to the large- 
scale liberation of atomic energy. Clearly 
and simply, without assuming any previous 
knowledge of physics, chemistry, and math- 
ematics on the part of his readers, he weaves 
a bright fabric of the light and dark threads 
of atomic analysis—packing factors, fast 
and slow neutron analyses, combining ratios 
of substances, Einstein’s mass-energy equa- 
tion, nuclear fission, and the chain reaction. 

In addition to being able to grasp these 
analytical protrayals, the reader is able to 
make computations in terms of Einstein’s 
mass-energy equation to obtain some indica- 
tion of the possibilities of a uranium chain 
reaction in the production of atomic energy. 
If, for example, all the atoms in a pound of 
U-235 were fissioned, the energy produced 
would be over 400 billion billion ergs, or, in 
common units, 12,000,000 kw-h. Released 
slowly under control, this energy would 
furnish the electric current to keep 12 mil- 
lion 100-watt lamps going for a 10-hour day, 
or about enough to illuminate all the homes 
in New England for an evening. Released 
quickly, in a fraction of a second, it would 
have the explosive force of 10,000 tons of 
TNT. Pound for pound, U-235 could yield 
an explosive force 20,000,000 times more 
powerful than TNT; and, even if only 1 
percent of the atoms in a pound of U-235 
were to fission, it would still be equivalent to 
200,000 times the explosive force of TNT. 

It is more than likely that some academi- 
cians will censure Professor Hecht for over- 
simplifying the story of the atom. Neverthe- 
less, his book, despite its lack of scholarly 
accessories, makes palpable the intricacies 
of a segment of science that comprises one 
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of the most fascinating chapters in the his- 
tory of the human race. As such, it is an in- 
valuable contribution to laymen who con- 
scientiously seek to understand nuclear 
fission, the better to utilize its motive and 
curative power as a new, worldservant. 


James J. JELINEK 
School of Mines and Metallurgy 
The University of Missouri 
Rolla 


KNOW THEN THYSELF 


The Life of a Chemist. Memoirs of Vladimir 
N. Ipatieff. Zenia Joukoff Eudin, Helen 
Dwight Fisher, and H. H. Fisher, Eds. 
V. Haensel and Mrs. R. H. Lusher, 
Translators. xv + 658 pp. $6.00. Stan- 
ford. Stanford University, Calif. 1946. 


CIENCE is not merely a body of ac- 
cumulated knowledge, a system of facts 
and laws, but is in itself a creative force 
that permeates all human activities and, 
under the catalytic action of congenial 
brains and the pressure of historic events, 
brings forth ever-new knowledge and en- 
lightenment. This dynamic concept of sci- 
ence is illustrated by the life story of the 
great Russian chemist Vladimir Nikolaevich 
Ipatieff, who is best known as the dis- 
coverer of pressure catalysis, although his 
scientific achievements are not restricted to 
this important field of organic chemistry. 
In reading Ipatieff’s autobiography one 
notices that it is not only the vividly told 
story of a long, eventful, and fruitful life 
and of ah extraordinary and distinguished 
career, but also the history of chemical 
science during the last century and of the 
outstanding chemists of the last three 
generations, with most of whom Ipatieff 
stood in direct scientific and personal con- 
tact. 
Ipatieff’s early scientific career developed 
under the dominating influence of the other 
great Russian chemist, Dmitri Ivanovich 
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Mendelyeev, whose discovery of the peri- 
odic law of atomic weights laid the founda- 
tion of modern inorganic chemistry and 
nucleonics. As Mendelyeev was half a cen- 
tury ahead of the general progress of in- 
organic chemistry, so was Ipatieff fifty 
years in advance of organic chemistry by the 
discovery of the catalytic action of metals 
and metaloxides. In fact, catalysis, es- 
pecially when applied under high pressure 
and at high temperature, was of greater 
practical importance to world chemistry 
and industrial development than was Men- 
delyeev’s law, which for a long time re- 
mained in the theoretical realm. 

In Germany Ipatieff studied under the 
master of organic synthesis, Adolf von 
Baeyer, and worked in his laboratory in 
Munich next to Richard Willstatter, the 
discoverer of chlorophyll, and Moses Gom- 
berg, who was to become one of America’s 
greatest chemists. In France Ipatieff was in 
contact with Pierre Berthelot, the founder of 
thermochemistry, as well as with Sabatier 
and Senderens, who were working on cata- 
lytic hydrogenation. But it was Ipatieff’s 
scientific genius that brought catalytic ac- 
tion and thermodynamic effects together in 
studying the effects of such catalysts as 
iron, nickel, zinc, or alumina under pressures 
up to 200 atmospheres and at temperatures 
up to 600°C, 

These experiments not only started a 
new chapter in organic and _ industrial 
chemistry by making possible the controlled 
composition and decomposition of organic 
compounds, but they also elucidated the 
origin of petroleum in nature and led the 
way to a better utilization of natural pe- 
troleum and to the synthesis of petroleum 
products from coal. Thus Ipatiefi’s achieve- 
ments in the field of pressure catalysis were 
the foundation stone upon which a second 
generation of chemists in the industrially 
more developed countries of the world has 
built the enormous structure of industrial 
chemistry. It is this second generation of 
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modern chemists with whom the Russian 
scientist was in close contact, and his auto- 
biography proves conclusively that the 
amazing growth of chemical industry in our 
century is not so much due to the solitary 
work of individual scientists as to scientific 
cooperation and exchange of knowledge on 
an international basis. 

It is this international cooperation of 
scientists in which Ipatieff ardently believes 
and to which he strenuously but unsuccess- 
fully tried to convert a reluctant Soviet 
government, to whom he, a former Czarist 
Lieutenant General, had lent his services 
for purely patriotic reasons. He was Member 
of the State Planning Commission, Chair- 
man of the Chemical Administration of the 
Soviets, and of many other technical and 
scientific committees. In these capacities he 
traveled widely in Germany, Belgium, 
France, and England. It is very revealing to 
note how intent the Soviets were at times to 
establish friendly relations with such ex- 
ponents of capitalistic production as the 
I. G. Farbenindustrie and similar concerns. 
In the end, however, those men who 
worked upon order of their government for 
the establishment of better scientific and 
technical relations with foreign countries 
were themselves viewed with suspicion and 
distrust and strictly supervised and cur- 
tailed in their scientific activities. Even a 
scientist of Ipatieff’s standing and _ inter- 
national fame was not free from suspicion, 
and, after several of his colleagues and co- 
workers had been “‘liquidated,” he felt it 
safer to leave his beloved homeland. 

Now it is our good fortune to have 
Ipatieff, the indefatigable chemist, working 
and teaching here. He is Protessor of 
Chemistry at Northwestern University and 
Director of Research of the Universal Oil 
Products Company in Chicago. This last 
interesting chapter of Ipatiefi’s life is not 
dealt with in the present autobiography, 
but it may be hoped that it will be written 
in due time. For, much as the great Russian 
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chemist has already given to the scientific 
and industrial world, he has still more to 
give. He has amassed an immense chemical 
knowledge and has also acquired, through 
long and bitter experience, the true wisdom 
that transcends the limits of any particular 
science and is applicable to all. We can 
truly take to heart what he says in the 
closing chapter of his autobiography: 


A Government has the right to ask a scientist to 
aid in developing some process which may be of great 
importance to the nation’s economic life, and a sci- 
entist is obligated to help if he possesses sufficient 
knowledge. But neither the Government nor the 
scientist should ever forget that most scientific de- 
velopments come from research which is itself com- 
pletely divorced from any practical application. 


FRANCIS JOSEPH WEISS 


Special Research Consultant 
Sugar Research Foundation, Inc. 


ACRES OF DIAMONDS 


New Riches from the Soil. Wheeler Mc- 
Millen. xii + 396 pp. $3.00. Van Nos- 
trand. New York. 1946. 


N THE face of the impending starvation 

of millions in Europe, friends and foes 
alike, it is too bad the author of this 
book was not present at Potsdam to voice 
a strong protest against the unfortunate 
Allied edict condemning all German chem- 
ical nitrogen plants to destruction or to 
enforced idleness. Prior to the war, Germany 
accounted for 40 percent of the world’s 
production of nitrogenous fertilizers using 
the famous Haber-Bosch process for fix- 
ation of atmospheric nitrogen. The major 
portion was exported to enrich the farms of 
other European countries. 

Now, belatedly, wiser judgment has 
prevailed, and such plants as were not 
destroyed or dismantled are being reopened. 
Meanwhile, in response to frantic appeals 
for immediate aid from generals in command 
of the occupying forces, hundreds of thou- 
sands of tons of nitrogenous fertilizer are 
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being exported from wartime synthetic 
ammonia plants in the United States, 
mostly at the expense of American tax- 
payers. The tragic explosion at Texas City 
of the French freighter Grand Camp origi- 
nated in a cargo of ammonium nitrate 
destined for European relief. 

Although the author emphasizes the 
transcendent importance of building civili- 
zation around a healthy agriculture, cap- 
able of producing ample foodstuffs, and 
praises the economic permanence which 
ensues, his main purpose is to portray the 
growth of chemurgic* industries and to 
stress their social significance. As editor of 
the Farm Journal, as joint founder and 
President of the National Farm Chemurgic 
Council, and as a practical farmer as well, 
Wheeler McMillen is exceptionally well 
qualified to do this. Admitting in ‘his pre- 
face that he “is not a scientist... but 
perhaps a sort of evangelist,’ he points out 
that “‘twenty years ago [he] became con- 
vinced that mere law-passing could never 
assure a stable and prosperous American 
agriculture ...the problem is not legisla- 
tive but economic and scientific.” 

His faith in the limitless achievements of 
modern science for man’s good is stimulating 
to those engaged in the profession, and 
reassuring to the general public. ‘The 
three great tools now available to agri- 
culture which promise enlargement of 
human wealth,” he concludes, “are the 
science of organic chemistry, the science of 
plant genetics and the art of the engineer.” 

“Probably about nine out of ten people 
in the world live and die in poverty,’ he 
continues. “This is not for lack of natural 
resources, but because of ignorance of 


* Chemurgic, a combination of chemi, or “chem- 
istry,” from the black art of ancient Egypt, and 
ergon, or “work,” from the fount of knowledge of 
ancient Greece. Coined by William J. Hale in his 
book The Farm Chemurgic (1934), its definition 
through usage is “‘to advance the industrial use of 
farm products through applied science.” 
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them.” He then follows with a wealth of 
convincing practical illustrations of chem- 
urgic progress, particularly in the United 
States, which demonstrate that the author 
is a persuasive interpreter of science. 

In philosophical vein McMillen chal- 
lenges the reader with the logic of his 
observations: 


The vegetable kingdom reproduces itself. The 
mineral kingdom does not...agricultural com- 
munities a thousand years old can be found around 
the world. Extractive mineral industries leave ghost 
towns behind them: sound agriculture does not... 
ninety eight per cent of the material in the plant 
(annual or perennial) is the product of atmosphere 
and moisture, {plus a few mineral catalysts]. 


He paints a glowing picture of the hitherto 
unsuspected wealth of the vegetable king- 
dom as a permanent source of supply of 
raw materials for industry. 

While commending governmental agen- 
cies for their sponsorship of fundamental 
chemurgic research and _ development 
through various state colleges and uni- 
versities and through the four Regional 
Research Laboratories of the U. S. Depart- 
ment of Agriculture, the author strongly 
advocates private competitive enterprise as 
the best medium through which to translate 
the fruits of such research into commercial 
application. This will better assure the 
economic soundness of the program. His 
advocacy of incentive payments by the 
Federal the 
domestic production, where feasible, of 


government to encourage 
agricultural commodities now being im- 
ported (no doubt a wartime necessity) will 
not be accepted favorably by everyone; 
but he certainly is on firm ground when 
he proposes the 
farmer for planting “‘soil-improving and 
With 


our topsoil already washed into the seas, 


incentive payments to 


eroston-preventing crops.” one-half 
this remedy is sound insurance for future 
generations. 

The last chapter is a plea for greater 
production as a force for peace. Though 
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not attempting to be exhaustive, the author 
maintains that the principal basic cause of 
war is want of food and goods. These 
deficiencies, he urges, can be supplied by 
men of science if world statesmen will turn 
their attention from political remedies to 
economic preventives and use the tools 
modern science offers. “Growing things and 
making things pay better than taking 
things!” 

The book is recommended to scientists 
as an example of lucid interpretation easily 
understood by the multitude—an example 
that might well be emulated—and to the 
general public as a tonic in these days of 
confused talk and thought. The farmer will 
find new hope in it, and the student might 
well consult it before choosing his vocation. 

CARL B. FRITSCHE 
Reichhold Chemicals, Inc. 


Tuscaloosa, Ala. 
PLAIN AND SIMPLE FAITH 
Papago Indian Religion. Ruth M. Underhill. 
vi + 359 pp. $4.50. Columbia. New York. 
1946. 


JR those whose curiosity would lead 
them to ask what a primitive religion is 
like, this readable and authentic account is 
highly recommended. Dr. Underhill has 
long been known for felicity of style, sim- 
plicity of presentation, and faithfulness to 
the record. One noteworthy characteristic 
is the large number of song and speech texts 
in fluent but obviously close translation. 
The Papago occupy the desert lands of 
the Arizona-Sonora border. With the cog- 
nate Pima to the east, they comprise a some- 
what distinct linguistic group in our South- 
west, yet their culture is in general 
Southwestern (rather than Mexican or 
wholly distinct) and specifically of the Gila- 
Colorado River-Cahitan subvariety. Until 
recently our lack of precise knowledge of 
Pima-Papago life left a bad gap in an other- 
wise reasonably thorough survey of South- 

















western tribes. Dr. Underhill’s earlier 
Social Organization of the Papago Indians 
(1939), with the present volume and such 
data on their material existence which she 
may still have unpublished, will block in 
part of that blank area. We wish for just 
such excellent material on the Pima. Rus- 
sell’s The Pima Indians (1908), with which 
we make shift, is hardly more than an incon- 
siderable commentary on a museum collec- 
tion, with detached, unexplained oddments 
—inieed, Dr. Underhill’s record on the 
closely related Papago often clarifies the 
mystery of the Russell items. 

Papago religion has no single, coherent 
core; hence the ethnographer must draft its 
subject matter as a set of uncoordinated 
beliefs and practices. The origin myth, as 
the author points out, does not serve as a 
cohering base for ritual (as it does for Na- 
vaho), though there is some counterflow 
between the two. The lack of relation stems 
first from the diversity of versions, each 
peculiar to the several Papago local groups, 
ostensibly learned by rote but subject to the 
vagaries of the accredited narrators, and, 
again, from the absence of a body of cere- 
monialists (as among the Pueblos) con- 
cerned with standardization and interested 
in welding myth and ritual into a consistent 
body of theological doctrine and practice. 

The supernaturals of myth are not those 
of ritual, either in impersonation or as the 
target of prayer. Here function the ancient 
divine bestowers of ceremonies, the rain- 
controlling divinities, and animal spirit 
guardians who may be beneficent or other- 
wise, according to occasion. Contact with 
the supernaturals was through group cere- 
monies, directed by priests and for the com- 
mon good, and by individual quest for 
power to overcome life’s difficulties. In 
general, whatever the immediate need for 
which help was sought, all contacts were 
thought of as ultimately for the bringing of 
rain. The rites of the individual were those 
occasions when specific supernatural power 
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was sought: the prime occasion was during 
the course of purification from defiling con- 
tact (as with the magically malevolent 
enemy) under the aegis of ritual instructors, 
when the supplicant was most favorably 
disposed to the reception of benefits via a 
vision from the spirit helpers. Some unique- 
ness of Papago religion lies in the utilization 
of these occasions—paralleled in neighbor- 
ing tribes—as opportunity for the power 
quest. 

Most of the ingredients of Papago religion 
are common to other tribes of the subarea, 
and, indeed, many are widely distributed 
over the Southwest. The Papago Rainmak- 
ing Ceremony, for example, is the familiar 
“wine’’- (suhuaro) drinking celebration of 
neighboring tribes. It is here ritualized and 
rationalized on the principle that all 
ceremonials are directed toward rainmak- 
ing. “‘The idea is that the saturation of the 
body with liquor typifies and produces the 
saturation of the earth with rain. Every 
act of the procedure is accompanied with 
ceremonial singing or oratory describing 
rain or growth” (p. 41). The unique Papago 
(and Pima?) contributions to this elaborate 
complex of celebrative rites are rainmaking 
as motive, the presence of the village 
fetishes, a circling dance, perhaps the set 
speeches, and four representatives of differ- 
ent villages typifying the four rain super- 
naturals placed cardinally and accorded 
reverence. Yet there is little hint in this 
volume that the suhuaro-drinking celebra- 
tion was common among the Southern and 
Western Arizona tribes and was, in fact, a 
Northern extension of a widespread Mexican 
drinking and narcotics complex. 

It was not the author’s intention to offer 
a comparative survey to place Papago re- 
ligion in relation to surrounding cultures— 
save with regard to the Prayer-Stick Festi- 
val—but a Southwestern ethnographer is 
constantly stimulated to try his hand at it. 
The more so since Dr. Underhill, probably 
without intent, often phrases her material 
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as though unique to the Papago and de- 
rived by them in reaction to the impinging 
needs of an inhospitable environment and 
developed out of the traditional motivations 
they ascribe to their rites. To be sure, she 
frequently offers some parallels of minor 
items to other Southwestern groups, almost 
always to the Pueblos. But one would say 
that while these are justified, they tell only 
a partial story of relationships; for many of 
the elements—whole ceremonies, ritual 
components, minor practices—affhliate as 
well with groups other than the Pueblos, 
geographically placed in quite other direc- 
tions. 


LESLIE SPIER 
Depariment of Anthropology 
The University of New Mexico 


BRAVE NEW WORLD 


UNESCO: Its Purpose and Its Philosophy. 
Julian Huxley. 62 pp. $2.00, cloth; 
$1.00, paper. Public Affairs Press. Wash- 
ington. 1947, 


NESCO’s main concern is with peace 

and security and with human wel- 
fare, in so far as they can be subserved 
by the educational and scientific and cul- 
tural relations of the peoples of the world.” 
Julian Huxley, who was the Executive 
Secretary of the Preparatory Commission 
of UNESCO, and who is now the Director 
General of the organization, attempts to 
formulate briefly the basic philosophy for 
a United Nations Organization charged 
with the tasks outlined in the above 
quotation. 

Huxley writes as a biologist, philosopher, 
and social scientist, in the great tradition of 
the family of naturalists of which he is a 
worthy descendant. He sees UNESCO as 
the next big step in the intellectual evolution 
of the human race. In contrast to the or- 
ganizations that functioned under the 
League of Nations, UNESCO must go to 
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the people and prepare them for universal 
service as citizens of the world. UNESCO 
takes the lead, as the world moves grad- 
ually—as in the end it must, if we are not 
to perish—toward political unification. 
UNESCO should help to achieve the 
maximum progress in the minimum time, 
and it is for this reason that Huxley urges 
for UNESCO an evolutionary background. 

Huxley has no illusions about the ability 
of the entire human race to take full ad- 
vantage of the total available worldpool 
of knowledge, art, and culture. UNESCO 
should not aim at quantity, to the detri- 
ment of quality, but it should provide to 
all who desire it an opportunity to share in 
the common pool. We need on a world-wide 
scale the same equality of opportunity that 
we are striving to achieve on a nation-wide 
scale under our democratic system. 
UNESCO must “‘let in light on the world’s 
dark areas.’ 

The pamphlet is divided into two parts. 
In our brief summary we have quoted from 
the first part, that dealing with the back- 
ground of UNESCO. This is a moving 
document that should be read with care 
and pondered over by all who wish to see 
the United Nations succeed. The second 
part, which describes the program, is not 
on the high level of the first part. It is a not- 
too-happy blend of basic philosophy and of 
itemized programs, which left this reviewer 
confused and dissatisfied. UNESCO has a 
fine program of which the major portions 
are rehabilitation of schools and institu- 
tions in war-devastated areas; a world- 
wide attack on the problems of illiteracy; 
a program of promoting international 
understanding through teachers’ confer- 
ences, exchanges, and the like; and the 
over-all study of the potentialities of the 
Hylean Amazon basin. These have not 
been adequately treated in the pamphlet. 

Huxley’s discussion is a valuable one, but 
it would be unfortunate if one’s only con- 
tact with the program of the new organ- 
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nization should be through this booklet. 
Those who are really interested in learning 
of the plans and projects of UNESCO 
should supplement the reading of Huxley’s 
pamphlet with other material that is now 
available. Copies of the report published 
by the U. S. National Commission on 
UNESCO, the Draft Reports of the 
UNESCO Congress in Paris of last year, 
and a report on the National Conference 
on UNESCO held at Philadelphia in March 
of this year can be obtained by writing to 
the Office of the UNESCO Relations 
Staff, State Department, Room 304, Walker- 
Johnson Building, Washington 25, D. C. 


Bart J. Box 
Harvard College Observatory 


THE SEAR AND YELLOW LEAF 


Aging Successfully. George Lawton. xiv 
+ 266 pp. $2.75. Columbia Univ. 
Press. New York. 1946. 


N THE past few years an increasing in- 
terest has developed in the “problems” 
of old age. Dr. Lawton attempts in this 
book to present a readable discussion of 
important issues, aimed at the older reader 
himself. Emphasis is placed on aging as a 
process of change, with its advantages and 
disadvantages and its realistic opportun- 
ities. By making a reasonable effort old 
people can adapt themselves quite ade- 
quately to their new circumstances if they 
have been developing a wide range of in- 
terests and abilities in youth. 

Discussion is matter-of-fact and straight 
to the point. Proposed solutions are based 
on the author’s wide clinical experience and 
a knowledge of pertinent scientific litera- 
ture. This book may well serve as a hand- 
book of later maturity, adapted to the in- 
terests and reading ability of its audience. 

R. B. AMMONS 
Department of Psychology 
University of Denver 
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HERPETOLOGY FOR AMATEURS 


Repiiles and Amphibians of the Northeastern 
States. Roger Conant. 40 pp. $1.00. 
Zoological Society of Philadelphia. 1947. 


M* Conant, Curator of the Philadel- 
phia Zoological Garden, has con- 
structed a nontechnical resume of the 
snakes, lizards, turtles, frogs, toads, and 
salamanders of the Northeastern states that 
furnishes instant identification for all these 
interesting animals through photographic 
illustrations of every species. In addition, 
he has furnished a check list of species and 
interesting chapters on each group; a chap- 
ter on the treatment of snake bite; another 
for the identification of baby turtles, which 
differ surprisingly from their parents; and a 
chapter on the care of captive specimens. 

This pamphlet is recommended for the 
individual who keeps pets of this nature, 
the observant hiker, Boy Scouts, science 
teachers, and nature enthusiasts. 

The size of the pamphlet and texture of 
the paper make this edition a desk item. It 
is to be hoped that Mr. Conant will publish 
a pocket-sized field guide, using the same 
excellent illustrations and descriptive mat- 
ter. 


CHAPMAN GRANT 
San Diego, Calif. 


THE PLANTS THAT LEAD 
A DOUBLE LIFE 


The Nature and Prevention of the Cereal Rusts 
as exemplified in the Leaf Rust of Wheat. 
K. Starr Chester. xiv + 269 pp. Illus. 
$5.00. Chronica Botanica. Waltham, 
Mass. Stechert-Hafner. New York. 1946. 


HEAT is probably the most impor- 
tant of man’s food crops, and the 
three rusts that attack it (stem rust, leaf 
rust, and stripe rust) are the most serious 
diseases affecting that crop. Despite the im- 
mense amount of research work done on 
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these rusts in English-speaking countries in 
the past three decades, there has appeared 
in English no monographic treatment of any 
of the cereal rusts comparable to Der 
Schwarzrost, published in Germany in 1937, 
or Naumov’s Cereal Rusts in the U.S. S.R., 
produced in Russia in 1939, 

Dr. Chester’s book fills this want in part, 
but in part only, for despite the title The 
Cereal Rusts, by which it is advertised and 
sold, it is largely confined to one of the three 
rusts—leaf rust of wheat. 

This restriction of scope is, however, 
actually an advantage from the point of 
view of the student of the rusts, for it has 
permitted a thorough and exhaustive treat- 
ment of the subject such as would not have 
been possible if the other cereal rusts had 
been included. 

To most people, at least in North Amer- 
ica, rust of wheat means stem rust, partly 
because of the news value of its swift and 
often devastating epidemics, and partly be- 
cause of its well-known association with an 
entirely different host plant, the common 
barberry. The author has nevertheless made 
a convincing case that in the world as a 
whole leaf rust is the more destructive of the 
two. Because of the insidious quality of its 
parasitic behavior, the true importance of 
leaf rust was not recognized in North Amer- 
ica for many years after scientists had 
turned their attention to the control of stem 
rust. In countries where stem rust was rela- 
tively unimportant this recognition came 
sooner. In Germany and the U.S. S. R. sci- 
entific attention has been concentrated for 
many years past on the control of leaf rust. 
Although control of this, as of other cereal 
rusts, must come chiefly through the 
breeding of rust-resistant varieties, a thor- 
ough understanding of the nature and be- 
havior of the rust organism is an essential 
prerequisite. This realization has led to in- 
tensive investigations concerning this rust 
in most of the important wheat-growing 
countries of the world. 
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The extensive literature on leaf rust, scat- 
tered through the scientific and agricultural 
journals of a dozen or more countries, is 
admirably summarized in Dr. Chester’s 
book. Particularly valuable is the review of 
the numerous and many-sided investiga- 
tions carried out in the U. S. S. R., with 
which the author has made himself thor- 
oughly familiar by his translations into Eng- 
lish of a large number of Russian scientific 
papers. Well summarized also are the impor- 
tant studies of Gassner (to whom the book 
is dedicated) and his associates, who have 
contributed much to our too-scanty know- 
ledge of the chemical basis of rust resistance 
and susceptibility. It might be mentioned 
in passing that both the German and the 
Russian investigators have placed a greater 
emphasis on fundamental studies than has 
been the practice in English-speaking coun- 
tries. 

The book is by no means, however, a 
mere summary of the literature concerning 
leaf rust. The author’s whole handling of his 
subject is pervaded by a strong sense of 
logic which has led him, wherever possible, 
to create order out of chaos. In several in- 
stances he has ransacked the literature for 
data bearing on some point of importance 
and has built up tenable conclusions from 
numerous scattered experiments and obser- 
vations. One such case is his establishment 
of a definite relationship between leaf-rust 
intensity at different stages in the growth of 
the wheat plant and the resulting loss of 
yield. Another of the seemingly chaotic 
situations he has tackled is the vexing ques- 
tion of the specialization of the rust into a 
large number of pathogenically distinct 
entities or physiologic races. His proposal 
that the 129 races in the “International 
Register’ be grouped on the basis of simi- 
larites into 44 race groups cannot be resisted 
on logical grounds and will, if it gains 
general acceptance, simplify considerably 
the task of race identification. The identifi- 
cation of physiologic races is, however, 
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essentially a service to plant breeding, and 
on its serviceability in that respect the 
scheme will stand or fall. 

Though the book is primarily written for 
the specialist in plant diseases, the author 
has nevertheless kept the elementary stu- 
dent in mind and, for his benefit, has ex- 
plained most things from the ground up. 
All in all, it is the most notable book of its 
kind that has been published in English for 
many years past. 

There is a bibliography of about 500 
references, as well as adequate author and 
general indices. The editing conforms to the 
high standard set by Frans Verdoorn for 
the Annales Cryptogamici et Phytopatho- 
logici, to which series this book belongs. 


T. JOHNSON 
Dominion Laboratory of Plant Pathology 
Winnipeg, Manitoba, Canada 


REVERIES OF A NATURALIST 


The World Grows Round My Door. David 
Fairchild. xii + 347 pp. Illus. $5.00. 
Scribner. New York. 1947. 


HERE is no preface for this book, 
pp is perhaps reasonable, since it is 
essentially a book of reminiscences. The 
author, however, does say in his first chapter 
that he hopes ‘‘to show... that there is a 
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fascinating world of living things... .’ 

In spite of its title, the book is primarily 
about people, the Fairchilds themselves, 
their children and their children’s children, 
and the endless stream of the great and the 
near-great who have known the Kampong 
or have had a share in the Florida and other 
phases of the author’s life. 

Not content with this, Fairchild goes back 
to his boyhood and briefly sketches the 
early years in Michigan and Kansas, school 
and university days, and then that astonish- 
ing first trip abroad. The impact of these 
first impressions is recounted with astonish- 
ing naiveté, and indeed one might say that 
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this amazing capacity for looking at new 
sights with uncritical enthusiasms has never 
perished. 

To a plantsman, the book will be most 
unsatisfying if he wants to read about 
plants, although the many fine pictures, 
most of them taken by the author, will con- 
sole him somewhat. Endless things are 
mentioned, but very little is said about 
them. Palms, tropical vines, succulents, 
citrus fruits, kudzu, soybeans, sausage 
trees, bael fruit, mangoes. avocados, mango- 
steens, all remind us of the catholic tastes of 
the author and of his puckish pleasure at 
the discomforts of those who had to eat 
whatever he presented. (It is notable that 
children most often refused—and were least 
censured.) No full pictures emerge, how- 
ever, either of the Kampong as a whole or 
even of snatches of the native landscape 
from which the treasures have been wrested. 

The wideness of his travel is recorded in 
the mention of such far-separated places as 
Japan, France, Java, the Gold Coast, 
French West Africa, New Guinea, Guate- 
mala, Colombia, the Celebes, Mexico, Bra- 
zil, Sumatra, New Zealand, Nova Scotia. 
Many more could have been named. 

The growth of the Kampong, Fairchild’s 
present home in Florida, is described at 
considerable length, but more could well 
have been said, since it is an estate with 
special significance: it reflects not only the 
traveled background of the author, but also 
special adaptations to the local site and con- 
ditions that are particularly well done. 

If we will cast aside all preconceived 
notions as to what the book should or might 
be and follow ‘‘DF,” as we all affectionately 
call him, wherever his errant fancy may 
suggest; if we will accept his kaleidoscopic 
enthusiasms one after another; if we will 
indulge his penchant for the personal and 
smile at his passion for the beauty of the 
moment while he labors to record forever 
the person and his deed—if we do all this, 
we can follow intimately in many details 
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the full and varied life that the author still 
enjoys. 
B. Y. Morrison 
Bureau of Plant Industry, Soils, 
and Agricultural Engineering 
U.S. D. A., Beltsville, Md. 


SHORT PERIOD SOLAR 
VARIATIONS 


The Sun’s Short Regular Variation and Its 
Large Effect on Terrestrial Temperatures. 
C. G. Abbot. 33 pp. 30 cents. Smiths. 
Mis. Coll., Vol. 107, No. 4. Washington. 
1947. 


FTER his retirement in 1944 as Secre- 
tary of the Smithsonian Institution, 
Dr. C. G. Abbot, now a Research Associate 
of that Institution, has continued his work 
of correlating the variations in the solar 
constant with the temperature variations at 
the earth’s surface. His latest work begins 
with the following statement: 


I propose to show that there is a regular period of 
6.6456 days in solar variation, and that terrestrial 
temperatures respond with changes from 2° to 20° F. 
in exactly the same average period of recurrence. 
While the sun’s variation appears to be perfectly 
regular in phase, always recurring on the day pre- 
dicted, the terrestrial responses come sometimes for 
a month or more in succession from 1 to 3 days early 
or late. This, which by mechanical analogy we might 
call backlash, is doubtless the circumstance which 
hitherto has prevented meteorologists from recog- 
nizing the nature of this large temperature variation. 
When examined with the knowledge of the 6.6456- 
day solar period, the temperature effect is indeed so 
strikingly obvious, as the reader may see from figures 
3 and 5, that no one could doubt that it is both real 
and a major element in weather. Meteorologically, 
this regular average periodicity appears to be a new 
discovery. It is not to be confused with temporary 
weather periods, ranging from 3 to 7 days in length 
and changing their phases from time to time, which 
have been discussed by Clayton [et al.]. 
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In 1936 Dr. Abbot published two papers 
on the dependence of terrestrial tempera- 
tures on solar variation. The amplitude of 
the temperature was about 10°F., and the 
variation of the solar constant was about 
0.7 percent of its value. Meteorologists, 
physicists, and astronomers have to this 
day remained skeptical as to whether the 
Smithsonian observations of the solar con- 
stant really were accurate enough to es- 
tablish solar variations from day to day. 
In his latest study Dr. Abbot has exclu- 
sively used the accurate determinations of 
the solar constant made at Montezuma, 
Chile, from 1924 to 1944. In his previous 
analysis only the larger variations could be 
discerned individually, but in this recent 
study excessive changes were omitted as 
spurious. The period in the solar variation 
was determined with high accuracy, but the 
amplitude was found to be only about 0.13 
percent of the solar constant. 

The amplitude of solar change is so small, 
compared to the average amplitude of tem- 
perature change associated with the 6.6456- 
day periodicity, that Dr. Abbot is inclined 
to attribute the terrestrial temperature 
effects to some indirect action, such as 
fluctuations in the amount of ozone in the 
higher atmospheric strata. Since the phases 
of the temperature recurrence remain 
almost unchanged in any one month, and 
the variation of amplitude is not often ex- 
cessive within that interval, temperature 
forecasts of the order of a month in advance 
appear to be feasible with the aid of the 
cycle newly discovered by Dr. Abbot. 
Meteorologists now have a chance of 
testing the practical value of ‘“‘Abbot’s 
Cycle.” 


GUSTAF STROMBERG 
Pasadena, Calvf. 




















JOSE LONGINOS MARTINEZ 


The article by Carlos E. Chardon in the March 
SM on the Naturalists of Tropical America was of 
great interest to me because I have always felt 
that the contribution of the Latin Americans them- 
selves to the natural history of the lands which they 
settled has been too much neglected by the histo- 
rians of science. One must suppose that the omission 
of the names of Francisco Herrera and Carlos de la 
Torre can be accounted for by the fact that the 
former was recently the subject of an illuminating 
article in the SM and the latter is still alive. Perhaps 
they will be covered in the book which the author 
contemplates writing. 

There is one pioneer naturalist whose career is 
not covered in this article and who has been con- 
sistently neglected by practically every writer 
since his day. I am referring, of course, to José 
Longinos Martfnez, as he is commonly known, 
though there is sufficient documentary evidence to 
indicate that his Christian name was Joseph. In 
the Archives of the Indies at Seville there is an in- 
voice of mammals, birds, and reptiles which he sent 
back from San Borjas, in Baja California, to the 
Archbishop of Seville in 1792. In a contemporary 
newspaper published in Mexico City is an announce- 
ment of the opening of a museum of natural history 
under his direction, in which the plants and animals 
are arranged according to the Linnaean system. 
And a document in the same city signed by 
Fernando Eliya states that on his return voyage he 
picked up the famous botanist Joseph Longinos 
Martinez at an unnamed California port (which we 
now know to have been San Diego) and disem- 
barked him at San Blas in 1792. 

Some years ago Dr. Henry R. Wagner discovered 
a manuscript copy of Longinos’ account of his 
travels, which is now in the Huntington Library, 
where T have examined it. According to Dr. Lesley 
syrd Simpson, who translated it, it is not the orig- 
inal, but the work of acopyist, whose ignorance and 
carelessness are shown by the large number of gram- 
matical errors, misspelled words, etc. in the 
narrative. Further, it is inconceivable that Longinos 
could have visited the localities which he names in 
the order set out in the document. For this reason 
the manuscript was at one time considered to be a 
rather clumsy forgery, but shortly after its pub- 
lication Mrs. Winifred Davidson, the historian, 
discovered on the baptismal record of the San Diego 
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Mission an account of the baptism of an Indian boy, 
whose father was the famous botanist Joseph 
Longinos Martfnez, “naturalized by his majesty.” 
The fact that Longinos was a naturalized citizen is 
important, for it explains his disdain for the Spanish 
Franciscans and his admiration for those from 
Catalonia and Germany. If, then, he was foreign- 
born of what nationality was he? The fact that his 
paternal patronymic was Greek suggests to me that 
he may have been of mixed Greek and Spanish 
parentage—but that theory is as yet an unproved 
speculation. His knowledge of the Linnaean system 
suggests that he may have been a student under the 
Swedish master, but his name does not appear in the 
list of pupils of Linnaeus published by Dr. Jackson 
of the Linnaean Society. 

The Longinos narrative suggests that he was a 
keen observer of all phases of nature, not only as 
botanist and zool ogist but also as mineralogist and 
anthropologist. He was the first to record ob- 
servations on the life, habits, and thought of the 
California Indians, as well as the first to make a 
chemical analysis of the numerous mineral springs 
of the state. At times given to exaggeration 
(what Californian is not?), he nevertheless made 
detailed and complete observations. Yet today he is 
practically forgotten, the only attempt to preserve 
his memory, as far as I am aware, besides the 
translation of the anonymous copyist, being a 
bronze plaque on the wall of the Junfpero Serra 
Museum of History in Presidio Park in this city. 

It is my hope that Dr. Chardon will be able to 
unearth further data about Longinos in his forth- 
coming work, as well as about such significant 
writers as Molino and Hupé, who exist today only 
as names in bibliographic references. 

Josuua L. Barty Jr. 


San Diego, Calif. 


GEOLOGY SLIGHTED 


I realize that the excellent article by Dr. Brand- 
wein on “The Selection and Training of Future 
Scientists,” which appeared in the March ScrentiFic 
MonrTHLY, is descriptive of a practical application 
of the scientific method to precollegiate instruction. 
However, to scientists whose major field of interest 
is geology, it must be a disappointment to find no 
mention of that earth science, a most basic one, 
as being included in preliminary work done in the 
training of “future” scientists in the Forest Hills 
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High School. It is believed that there is as great 
a need for the education of future scientists in 
geology as in any other field. The inclusion of 
geology in a program such as that outlined by Dr. 
Brandwein is, because of the very nature of that 
science, practical, logical, and highly desirable. 
An interest in rocks and minerals is inherent in the 
average teen-age student, and some encouragement 
of this interest along the lines suggested in the 
article will do much to develop those students best 
fitted for more advanced training and a career in 
that science, and to provide a broadened vision for 
those who eventually go into other fields. The future 
role of geology in the various forms of human en- 
deavor may be expected to be a greater one, and a 
precollegiate program in this respect seems highly 
desirable for many reasons. 


Tomas G. Murpock 
Raleigh, N. C. 


JUNIOR ACADEMIES OF SCIENCE 


I was very much pleased with the summary of 
Junior Academies of Science published in Tue 
Screntiric Montacy [April 1947]. The movement 
has great possibilities. Texas organized in 1935, and 
in 1937 I presented the first charter from the 
Texas Academy of Science. In the ten-year interval 
the organization has greatly increased its member- 
ship and activity. The local Galveston club has 
grown to about five times its birth weight. For 
several years I gave a scientific book as a prize to 
the leading member at the end of the year. This 
year I am offering membership in the A.A.A.S. 
and a subscription to THE ScIENTIFIC MONTHLY in 
the hope that others may do likewise. Miss Rose 
Mary Strain is the recipient this year. Her interest 
is psychology. 

Texas Academy of Science is almost unique 
in having a Collegiate Academy for undergraduates 
as a feeder to the Senior group. The Collegiates and 
Juniors each have their own publications, and their 
own meetings at the time and place of the annual 
meeting. They are free to attend any meetings 
they choose. 

This year Texas Academy of Science is attempt- 
ing to establish permanent headquarters and hire 
a business manager and editor. A central theme 
has been adopted for the Academy by approval 
of a Council on Conservation, with each Councillor 
serving as a center for collection, presentation, and 
publication of data in a specific field. The project 
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is of considerable interest to Governor Jester. The 
Council will continuously survey— 


1. The health of the people, physical and mental 
2. The genetic composition of the state with 
attention to eugenic and dysgenic factors 
. The effect of social and economic institutions 
and ideas on the public welfare. 
. Conservation of soil. 
. Water resources. 
. Oil and gas. 
. Sulphur and minerals. 
. Grazing and forest lands. 
. Marine resources. 
. Wildlife. 
11. Archeological and paleontological sites. 
12. Parks. 
Joun G. SInciar 


Medical Branch 
The University of Texas 


I have found Tue ScrentIFIC MONTHLY so much 
more valuable and interesting recently than 
heretofore that I cannot refrain from writing to 
express my appreciation for its great improvement. 

It is gratifying to note that the magazine now 
gives increasing attention to the general problems 
of science rather than dealing entirely with special- 
ized fields. To the extent that specialized fields 
are treated, I am happy to see that the physical 
sciences are beginning to receive a reasonable share 
of the space. 

My profession is physics; one of my avocations 
is acting as adviser to the Junior Astronomy Club, 
Hayden Planetarium, New York City. In this 
connection,’ I was especially interested in the 
articles relating to junior science in the April issue. 
Along the lines suggested by you in “The Brown- 
stone Tower,” I have felt that youngsters interested 
in science would find THe Sctentiric MONTHLY 
interesting and valuable and I have made my copies 
available to Junior Astronomy Club members. It 
seems to me that many A.A.A.S. members could be 
encouraged to spread the use of their copies through 
school libraries and in other ways. Another method 
of getting SM into the hands of youngsters would 
be the establishment of junior or studer.t member- 
ship in the A.A.A.S. at reduced rates. 


James B. ROTHSCHILD 


Wharton, N. J. 














Must Be More than Spectacular. An idea 
with novelty constitutes an invention, but 
hard work and attention to painstaking 
detail are generally necessary for the innova- 
tion to be a success. Often we hear only of 
the “spark of genius,” as a court once 
described it, and forget the dogged details. 

Dusting insecticides on growing crops by 
airplane is novel and romantic. Young 
Lindbergh can come swooping out of the 
clouds, and straightway the boll weevil is 
vanquished—or so we may think. But Dr. 
George Decker, of the Illinois Natural 
History Survey, reminds us that it’s not so 
simple. Research, he says, is necessary to 
devise the best type of plane to spread the 
compounds properly, and the materials 
themselves need to be specially formulated 
for that method of application. 

The problem touches farmers, insecticide 
manufacturers, airplane designers, and the 
Civil Aeronautics Authority. Landing strips 
should be handy. Planes and pilots must 
not be jeopardized by unsafe flying condi- 
tions. Dusts shouldn’t drift off the crop 
being sprayed or settle heavily down the 
middle of the swath. Such problems have to 
be licked, says Dr. Decker, or people will 
lose confidence in this way to fight insect 
pests. 

Home Hardware. Nowadays there is no 
excuse for ignorance. So many agencies, 
government and private, furnish informa- 
tion in attractive packages that anyone 
can be enlightened on almost any subject. 
The only drawbacks are lack of filing space 
and shortage of time for reading and atten- 
tion. 

The reason for the foregoing observation 
is “Hardware for the Home,” an illustrated 
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circular of business-letter size already 
punched for binding, one of a series on small 
homes published by the University of 
Illinois. The University emits a publication 
in this series every five days, the mailing 
statement says, so that one agency furnishes 
an enormous amount of enlightenment. 

The hardware in this case is such articles 
of convenience as locksets and doorstops. 
Check lists and drawings show just what 
is needed and how it will look and the 
method of installation. The newest in 
locksets is the one that can be installed by 
just cutting a notch in the door, though 
the tubular lock is probably the most 
popular type. There is a reminder that 
$25 extra will generally buy the very best in 
hardware for a house, and that solid brass 
and bronze wear excellently and become 
more beautiful with use. 

After Cataract. Eye operations, which to 
the layman, at least, are miracles of skill 
and delicacy, in about a quarter of the 
cases are removal of the crystalline lens 
to relieve cataract. The person who has 
lost the lenses of his eyes (called an aphakic) 
must use glass substitutes. What might 
seem to be an advantage, according to an 
American Optical Company release, is that 
the aphakic can see by ultraviolet light. 
The lensless eye is 1,000 times as sensitive 
as the normal eye to light of 365 milli- 
microns. However, the u.v. may be 
injurious. American Optical has announced 
a new lens that strains out the u.v. A 
further advantage claimed is that the new 
lens, made thin around the rims, weighs 
only half as much as the usual thick lenses 
supplied patients who have had cataract 
operations.—M. W. 
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IN AN editorial note on page 89 of the 
July issue I introduced a new monthly 
page entitled ‘Technological Notes.” I 
pointed out that these notes on the passing 
scene are being written by “‘a friend,” whom 
I now present to our readers. M. W. stands 
for Merrill Weed, a friend indeed to me and 
the SM. I met him first before the war when 
I was Professor of Entomology at The Ohio 
State University and he was Editor of the 
publications of the O.S.U. Engineering 
Experiment Station. He also wrote a four- 
page monthly leaflet called Science and 
A ppliance for the O.S.U. Research Founda- 
tion. Science and Appliance, which he con- 
tinued to write while away from the campus 
in military service and which he still carries 
on, became noted for its interesting informa- 
tion culled from many sources and for its 
breezy style. As some of the members of our 
Publications Committee were familiar with 
it, they did not hesitate to accept Mr. 
Weed’s offer to write a page of similar 
material each month for the SM. 


Every issue of the SM’s volume 65 
(July-December, 1947) will contain some- 
thing on the Chicago Meeting of the 
A.A.A.S., December 26-31, 1947. In the 
September issue Dr. John M. Hutzel, our 
Assistant Administrative Secretary, will 
take our readers behind the scenes and 
describe the intricate preparations that 
must be made long in advance for each 
annual meeting of the A.A.A.S. In the 
October issue the special duties of the 
manager of a convention bureau will be de- 
scribed by the man who served in that 
capacity at the last Boston Meeting. The 
December issue will consist largely or en- 
tirely of contributions from scientists in the 
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Chicago area and, of course, will stress the 
meeting and the scientific institutions that 
will serve as hosts. 

In the heat of early summer Dr. Hutzel 
has been working furiously on preparations 
for this winter meeting. Those who read 
his forthcoming article may realize for the 
first time that an annual meeting is ex- 
pensive, not only to the individual who 
attends it but to the organization responsi- 
ble for it. It is estimated that the Chicago 
meeting will cost $35,000. Previous experi- 
ence shows that expenditures for this meet- 
ing will exceed income by about $14,000. 
The A.A.A.S. no Jonger has a reserve for 
the absorption of such deficits. Therefore 
something must be done to make the meet- 
ing self-sustaining. Since the affiliated 
societies who meet with the A.A.A.S. do 
not contribute directly to the meeting 
expenses, it seems reasonable and just that 
all those who attend the meeting, whether 
members of the A.A.A.S. or not, should 
pay a registration fee sufficient to cover 
expenses. Consequently, the secretary of 
each cooperating society has been re- 
quested to propose to his executive com- 
mittee that a resolution be passed requiring 
attendance at its sessions be restricted to 
those who register with the A.A.A\S. for 
the meeting. Responses from the secretaries 
have been favorable, but they must have 
the informed support of their members. 
Therefore we hope that every reader 
who attends the Chicago meeting will 
register, even though his society may not 
require it. In this equitable manner, with 
little cost to any individual, everyone 
present can contribute to the success of the 


meeting. 
F. L. CAMPBELL 
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